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ent observational results on early type galaxies obtained with high spatial resolutionChandra data. With its unpre
edented high spatial resolution, Chandra reveals many intriguing featuresin early type galaxies whi
h were not identi�ed with the previous X-ray missions. In parti
ular, various�ne stru
tures of the hot ISM in early type galaxies are dete
ted, for example, X-ray 
avities whi
hare spatially 
oin
ident with radio jets/lobes, indi
ating the intera
tion between the hot ISM and radiojets. Also point sour
es (mostly LMXBs) are individually resolved down to Lx = a few x 1037 ergse
�1 and it is for the �rst time possible to unequivo
ally investigate their properties and the X-rayluminosity fun
tion. After 
orre
ting for in
ompleteness, the XLF of LMXBs is well reprodu
ed by asingle power law with a slope of -1.0 { -1.5, whi
h is in 
ontrast to the previous report on the existen
eof the XLF break at LX;Eddington = 2 x 1038 erg se
�1 (i.e., Eddington luminosity of a neutron starbinary). Carefully 
onsidering both dete
ted and undete
ted, hidden populations of point sour
es wefurther dis
uss the XLF of LMXBs and the metal abundan
e of the hot ISM and their impa
t on theproperties of early type galaxies.Key words : X-rays:Galaxies { Galaxies: Ellipti
als and Lenti
ular, 
D { galaxies: ISMI. INTRODUCTIONHigh quality X-ray data obtained with the unpre
e-dented sub-ar
se
 resolution (van Speybroe
k 1997) ofthe Chandra X-ray Observatory (Weisskopf et al. 2000)are un
overing mysteries of the Universe. With XMM-Newton in orbit, another European X-ray satellite, itis now the most ex
iting time in X-ray Astronomyand Astrophysi
s. The signi�
antly improved spatialresolution is parti
ularly 
riti
al in studying extendedsour
es, su
h as the hot ISM in early type galaxies. Itis well known that the hot ISM is maintained in 0.5 {1 keV in both ellipti
al and spiral galaxies, the formeroften 
ontaining a large amount of the hot ISM (eg.,Fabbiano, Kim, & Trin
hieri 1992). In addition to thehot ISM, there are various X-ray emitting sour
es inearly type galaxies, su
h as AGNs (a
tive gala
ti
 nu-
lei) and LMXBs (low mass X-ray binaries). However,they have not been well identi�ed by the previous X-ray missions, mainly due to the poor spatial resolution.With the superb Chandra resolution, for the �rst time,we are able to dire
tly dete
t various X-ray sour
es andinvestigate individual 
omponents without ambiguity.As an example of high quality Chandra images ofearly type galaxies, Figure 1 shows the X-ray emittinghot ISM of NGC 4636 (see also Jones et al. 2002). NGC4636 is one of the X-ray bright ellipti
al galaxies in theVirgo 
luster with Mgas = 2 x 1010 M� (Fabbiano etal. 1992). As opposed to featureless, smooth X-ray im-ages obtained in the pre-Chandra X-ray missions (eg.,Trin
hieri et al. 1994), the Chandra image is revealingin detail �ne sub-stru
tures of the hot ISM. In NGC4636, there exists a spiral arm-like feature, extending
Fig. 1.| Chandra X-ray image of NGC 4636, an ellip-ti
al galaxy in the Virgo 
luster. The image is adaptivelysmoothed with 
smooth available in CIAO. A spiral arm-like feature is seen inside the �0.8 keV degree hot gas. Thelarge ellipse indi
ates the opti
al �gure of NGC 4636 (D25).{ 1 {



2 Kimto both sides (upper-left and lower-right) of the 
enterof NGC 4636. They are about 8 kp
 long. The sharpleading edges are interpreted as sho
k fronts asso
iatedwith the re
ent nu
lear a
tivity (Jones et al. 2002).This subtle, �ne stru
ture 
learly illustrates why thespatial resolution is so important.With the Chandra data, we now have un
ontrover-sial proof of the existen
e of populations of X-ray bina-ries in all E and S0 galaxies and of their large 
ontribu-tion parti
ularly to the emission of X-ray-faint galaxies(see Sarazin et al. 2001; Angellini et al. 2001; Kimand Fabbiano 2003a). In Figure 2, the Chandra X-rayimage of NGC 1399 is shown. NGC 1399, a dominantellipti
al galaxy in the Fornax 
luster, is also one of theX-ray bright ellipti
al galaxies with Mgas = 4 x 1010M� (Fabbiano et al. 1992). Again the Chandra imagereveals that the di�use X-ray emission is far from be-ing smooth. It also shows AGN in the 
enter, althoughweak, 
ompared to typi
al AGNs. The most strikingresult is that 140 point sour
es are identi�ed inside thegalaxy (Angellini et al. 2001). In addition to beingidenti�ed as a point sour
e, their spe
tral properties(kT � 5-10 keV) and radial distribution (following theradial distribution of the opti
al, stellar light) 
learlysupport that they are mainly LMXBs with an a

ret-ing neutron star. So far, the existen
e of LMXBs wassuggested only by indire
t means, for example, by an-alyzing mixed spe
tra extra
ted within a large beamor by extrapolating sour
es found in nearby galaxies.With Chandra, we are now able to investigate individ-ual point sour
es in detail.In se
tion II, we present in detail results of a 
asestudy with NGC 1316 to illustrate �ne sub-stru
turesof the hot ISM and the importan
e of 
ompleteness indetermining the XLF of LMXBs. In se
tion III, we ap-ply the same te
hnique to a large sample of early typegalaxies to determine average properties of LXMBs.Taking a full a

ount of a hidden population of LMXBs,we dis
uss the metal abundan
e of the hot ISM by uti-lizing both Chandra and XMM data in se
tion IV andthe binding mass of early type galaxies in se
tion V.We �nally summarize our results in se
tion VI.II. Case Study: NGC 1316NGC 1316, also 
alled Fornax A for its radio sour
e,is one of the pe
uliar ellipti
al galaxies with numeroustidal tails that suggest a re
ent merger history, severallow-mass, gas-ri
h mergers o

urring over the last 2-3Gyr (S
hweizer 1980; Kim, Fabbiano and Ma
kie 1998).With the previous ROSAT HRI observations, Kim etal. (1998) suggested, with a marginal statisti
al signif-i
an
e, a possible intera
tion between the hot ISM andradio jets, whi
h was the �rst eviden
e reported in ellip-ti
al galaxies. Now, the Chandra observations 
on�rmthat the hot ISM 
ontains X-ray valleys (or 
avities),devoid of hot gas, where the radio jets in proje
tionpropagate. Figure 3 shows the dire
tion of radio jets(from the 1.5GHz VLA map of Figure 2b in Geldzahler

Fig. 2.| Chandra X-ray image of NGC 1399, an ellipti
algalaxy in the Fornax 
luster. The green ellipse, partiallyseen at the 
orners, indi
ates the opti
al �gure of NGC1399 (with a size of 7 ar
min). Within the opti
al galaxy,more than 100 point sour
es, mostly low-mass X-ray bina-ries (LMXB), are individually identi�ed.and Fomalont 1984) superposed on the X-ray image.The radio jets propagate along PA � 120Æ and 320Æand slightly bend at their ends toward PA � 90Æ and270Æ, respe
tively (Geldzahler and Fomalont 1984). Itis 
learly seen that the radio jets in proje
tion (1) runperpendi
ular to the dire
tion of the NE-SW elongationof the 
entral X-ray distribution, whi
h is also the di-re
tion of the opti
al �gure, and (2) propagate throughthe valleys of the X-ray emission, 
on�rming the resultsof the ROSAT HRI observations (Kim et al. 1998).This alignment suggests that the X-ray valleys are 
av-ities in the hot ISM 
aused by ex
lusion of hot gasfrom the volumes o

upied by the radio jets. Similarrelations between the radio jets/lobes and X-ray fea-tures have been reported in the Chandra observationsof several early type galaxies and 
lusters, e.g., NGC4374 (Finoguenov and Jones 2001), Hydra A (M
Na-mara et al. 2000), Perseus 
luster, (Fabian et al. 2000)and Abell 4095 (Heinz et al., 2002).Although NGC 1316 has luminous radio lobes (thethird brightest obje
t in the sky), the radio emissionfrom the a
tive gala
ti
 nu
leus (AGN) is relativelyfaint. Fornax A 
ontains a relatively weak radio 
orewith a total power of �1038 erg se
�1 (Geldzahler andFomalont 1984). We note that the 
urrent nu
lear ra-dio power is too weak to sweep the hot ISM out of theX-ray 
avities as it would take longer than �10 Gyr forthe minimum energy required by pV �1056 erg, where
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Fig. 3.| Chandra X-ray image of the 
entral part of NGC1316, another ellipti
al galaxy in the Fornax 
luster. Thehorizontal bar at the lower left 
orner indi
ates 10 ar
se
.The red lines, extending toward left (and slightly lower)and upper-right from the nu
leus, indi
ate the dire
tion andextent of radio jets, whi
h in proje
tion 
oin
ide with theX-ray valleys.the pressure was taken from Kim et al. (1998). Thisindi
ates that the nu
lear a
tivity was mu
h strongerin the past, as suggested by Ekers et al. (1983). Merg-ers, whi
h took pla
e a few Gyr ago, might have ignitedthe AGN a
tivity, whi
h in turn swept out the hot gasand also powered the huge radio lobes.The spe
trum of the nu
lear sour
e (with Lx = 5 x1039 erg se
�1) is well �tted with a power-lawwith pho-ton index �ph �1.7, typi
al for bright AGNs. Based onthe relationship between MBH and the stellar velo
itydispersion � (Tremaine et al. 2002), the estimated massof the nu
lear bla
k hole of NGC 1316 is aboutMBH =1-2 x 108 M� for � = 221 km se
�1 (Kunts
hner 2000).The X-ray luminosity of the nu
lear sour
e then 
orre-sponds only to 10�6 x LEddington. The nature of thesub-Eddington AGN is extensively dis
ussed in re
entliteratures and we refer for further dis
ussions of thistype of sour
es to e.g., Ho et al. (2001), Pellegrini etal. (2002), Fabbiano et al. (2003).In 
ontrast to NGC 4636 (Figure 1) and NGC 1399(Figure 2), NGC 1316 is an X-ray faint ellipti
al galaxywith Mgas = 109 M�, about 3% of that in NGC 1399(Kim et al. 1998). The main X-ray sour
e from the X-ray faint ellipti
al galaxies is LMXBs, instead of the hotISM 
omponent whi
h is the dominant sour
e in typi
alX-ray bright galaxies. NGC 1316 is, therefore, a goodtarget to investigate the LMXB population. The 
u-

Fig. 4.| X-ray luminosity fun
tion (XLF) of point sour
eswithin D25 of NGC 1316. The binned and unbinned dataare denoted by open squares and a dotted line, respe
tively.The solid histogram indi
ates the model predi
tion witha single power law, �tted at Lx > 1.2 x 1038 erg se
�1.Three red squares and blue triangles at the lowest Lx binsrepresent the XLF 
orre
ted using two di�erent approa
hesfor estimating in
ompleteness in sour
e dete
tion.mulative XLF is shown in Figure 4, where both binned(open squares) and unbinned (dotted line) distributionsare plotted. A single power-law model was used to re-produ
e the data with Lx > 1.2 x 1038 erg se
�1 where
ompleteness starts to drop. The best-�t power-lawslope is -1.3 � 0.05. These values are 
onsistent withthose found in other early type galaxies (e.g. Sarazinet al. 2000), but mu
h steeper than those in spiralsand star burst galaxies (Prestwi
h et al. 2001; Zezasand Fabbiano 2002), indi
ating di�erent stellar evolu-tion histories. The XLF be
omes 
atter with de
reas-ing sour
e luminosity. We have investigated this e�e
tfurther to as
ertain if it may be due to a physi
al breakin the distribution of sour
e luminosities (e.g. as sug-gested by Sarazin et al. 2000; Blanton et al. 2001 inother early-type galaxies), or it may result from biasesa�e
ting the dete
tion threshold of the data. We haverun extensive simulations to quantitatively assess in-
ompleteness. Figure 5 illustrates in
ompleteness andits impa
t on the XLF determination (for details, seeKim and Fabbiano 2003a). The 
orre
ted XLFs usingtwo independent te
hniques are plotted in Figure 4 (redsquares and blue triangles). The 
orre
tions are 
on-sistent with ea
h other and 
learly demonstrate thatthe single power law (the solid line histogram), thatwas determined from the un
orre
ted XLF at Lx > 1.2x 1038 erg se
�1, does �t well the 
orre
ted data. In
on
lusion, the apparent 
attening of the XLF of NGC



4 Kim1316 is fully a

ountable by in
ompleteness and we �ndno eviden
e of breaks, down to sour
e luminosities of�3 x 1037 erg se
�1.As the XLF is steep (� < -1), there will be a sig-ni�
ant number of faint, undete
ted LMXBs, mixedwith the di�use X-ray emission and the 
ontribution ofthe hidden population of LMXBs to the observed X-ray emission 
riti
ally depends on the low-luminosityXLF. As seen in the bulge of M31, it is possible to havea break at Lx � 1037 erg se
�1 (Kong et al. 2002).If the XLF 
ontinues as an uninterrupted power-lawdown to 1037 erg se
�1, the total X-ray luminosity ofthe hidden population of LMXBs of NGC 1316 wouldbe 
omparable to that of the dete
ted sour
es. If theXLF has a break at the lowest observed Lx (i.e., � 3x 1037 erg se
�1), the luminosity ratio of hidden to de-te
ted sour
es is about 0.4. We note that the amountof hard 
omponent required in the spe
tral �tting ofthe di�use X-ray emission is fully within this a

ept-able range. The hidden population of LMXBs is alsoimportant to measure the spe
tral parameters of thehot ISM su
h as temperature and metal 
ontents bothof whi
h are 
riti
al to understand the stru
ture andevolution of the hot ISM and the galaxy (see se
tionIV.)III. XLF of LXMBs: Is there a universal XLFbreak?It was previously suggested that the XLF of LMXBsin early type galaxies exhibits a break at the Edding-ton luminosity of neutron stars (LX;Eddington = 2�1038erg se
�1), possibly indi
ating di�erent populations ofLMXBs 
onsisting of neutron stars and bla
k holes(e.g., Sarazin et al. 2000; Blanton et al. 2001). It isintriguing be
ause this result bears an important keyto a

retion physi
s (eg., Bel
zynski et al. 2003) and it
ould also be used as a distan
e estimator (Sarazin etal. 2000). However, we do not �nd any break in NGC1316 (Kim and Fabbiano 2003a) down to a few x 1037erg se
�1 when in
ompleteness 
orre
tions were appliedby way of two independent methods of extensive MonteCarlo simulations. We have applied the same te
hniqueof 
ompleteness 
orre
tion to other early type galaxiesfor whi
h Chandra data are publi
ly available. In gen-eral, near the 
enter of early type galaxies where thePSF is usually smallest as the galaxy 
enter is mostlylikely at the fo
us, the strong di�use emission 
onsid-erably redu
es the dete
tion probability. On the otherhand, at the outskirts, the PSF be
omes 
onsiderablylarger, hen
e the dete
tion probability be
omes lower(see Figure 5).Figure 6 illustrates XLFs before and after the in
om-pleteness 
orre
tion with 14 early type galaxies (Kimand Fabbiano 2003b). It is 
lear that there is no `uni-versal` break at LX;Eddington, the boundary betweenneutron star and bla
k hole binaries.The a

urate measurement of XLFs provides an im-portant 
lue for our understanding of the star formation
Fig. 5.| (a) Spatial distribution of simulated sour
es(marked by x) for the ACIS observation of NGC 1316. A
ir
le on x indi
ates a dete
tion, while x with a 
ir
le indi-
ates a non-dete
tion. Only 1000 random sour
es are plot-ted, for visibility. (b) Comparison of input (solid line) andmeasured (dotted line) XLFs (made with 20,000 simulatedsour
es). The ratio of dete
ted to input numbers of sour
esis applied dire
tly to 
orre
t XLF. The in
ompleteness be-
omes signi�
ant at Lx �< 1038 erg se
�1.
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Fig. 6.| XLFs of LXMBs from 14 early type galax-ies (a) before and (b) after 
orre
tion. The lo
ation ofLX;Eddington = 2 x 1038 erg se
�1 is marked by verti
albars in both �gures.

history via the formation and evolution of binary sys-tems in early type galaxies In parti
ular, it is expe
tedthat the Eddington-limited a

retion leads to a 'bump'in XLF at LX;Eddington (eg., Bel
zynski et al. 2003),whi
h might look similar to the XLF break. With the
ombined XLF, we limit the bump to be an order of20% or less. The absen
e of the strong bump suggeststhat the Eddington limit is not playing an importantrole in a

retion and this 
onstraint should be takeninto a

ount to build theoreti
al models.In addition to the importan
e of the XLF (and itsimpli
ation on the star formation history) and the pres-en
e or absen
e of the XLF break (and its e�e
t on a
-
retion physi
s), the XLF slope at the fainter luminos-ity end potentially implies that a 
onsiderable numberof point sour
es are undete
table even in the Chan-dra observations. Without proper 
onsideration of thehidden population of LMXBs, many important resultsobtained with the X-ray data will be seriously in ques-tion. In parti
ular, they in
lude two important physi
alquantities whi
h 
ould be dire
tly measured by the X-ray data: the metal abundan
e of the hot ISM and thebinding mass. The next two se
tions are dedi
ated tothese two issues.IV. Metal Abundan
e in the Hot ISMThe abundan
e of heavy elements is one of the keyquantities for our understanding of the evolutionarystatus of the hot ISM in terms of the supernova rate(Ia and II), IMF, mass eje
tion and onset of gala
ti
winds (eg., Renzini et al. 1993; Matteu

i and Gibson1995). Yet its measurement is diÆ
ult and 
ontrover-sial. While stellar evolution models (with both TypeII and Ia SNe) predi
t the Fe abundan
e to be 2-5times solar (eg., Arimoto et al. 1997), observationalresults tend to suggest lower, even sub-solar values(e.g., Awaki et al. 1994). This apparent dis
repan
yis at least in part due to our inability to �nd the 
or-re
t spe
tral model. Di�erent models may give a

ept-able spe
tral �ts, and the a

epted pra
ti
e is to adoptthe simplest possible model; however the answer maynot be astrophysi
ally meaningful, be
ause of the 
om-plexity of the X-ray sour
es. Fits of the ROSAT andASCA data with single temperature Raymond-Smithspe
tra (with/without an additional hard 
omponentfor LMXBs) suggested a hot ISM almost totally devoidof metals in early type galaxies (eg., Awaki et al. 1994;Loewenstein et al. 1994; Davis and White 1996; Mat-sumoto et al. 1997; Iyomoto et al 1998), while more
omplex models allowed a metal 
ontent more in keep-ing with the stellar metalli
ities (e.g., Trin
hieri et al.1994; Kim et al., 1996; Buote and Fabian, 1998; Mat-sushita et al 2000). With the Chandra observations ofNGC 1316, Kim and Fabbiano (2003a) 
ould removethis ambiguity and 
onvin
ingly ex
lude the possibil-ity of extremely low metal abundan
es in the hot ISMby removing the regions of the data-
ube o

upied bydete
ted point-like sour
es (AGN and LMXBs) from



6 Kimthe spe
tral data and by establishing the temperaturegradient of the hot ISM. Buote et al. (2003; astro-ph/0205362) have re
ently reported a similar resultfrom the analysis of the XMM-Newton spe
tra of NGC5044. However, neither of these observations 
ould pro-vide Fe abundan
es as high as a few times solar, asthose suggested by stellar evolution models (e.g., Ari-moto et al. 1997)The best results 
an be obtained by 
ombining the
apabilities of Chandra and XMM-Newton - Chandra
an identify LMXBs deep into the luminosity fun
tion,while XMM-Newton provides high S/N spe
tra. Thisis demonstrated by our re
ent analysis of NGC 507, agroup-dominant X-ray bright ellipti
al galaxy. Previ-ous measurements of the metal (mainly Fe) abundan
ein the hot ISM of NGC 507 span a wide range from 0.3to 2 solar, depending on spe
tral models applied (Kim& Fabbiano 1995; Matsumoto et al. 1997; Buote 2000).With our re
ent Chandra and XMM-Newton analysis(Kim, Fabbiano and Bri
khouse, 2003 in preparation;also in 2002 BAAS 34, 14.04), we �nd that (1) the tem-perature in
reases outward (
on�rming the results ofKim and Fabbiano 1995) from 0.7 to 1.3 keV and (2) theX-ray spe
trum extra
ted from the 
entral 80" region iswell reprodu
ed by a 3 
omponent model, 
onsisting of0.7 keV soft thermal emission + 1.3 keV thermal emis-sion + 5-10 keV hard LMXB 
omponent (it is also wellreprodu
ed by a 
ooling 
ow model with kTlow=0.7 +a hard LMXB 
omponent). Yet the determination ofmetal abundan
e is still not 
lear-
ut. The best �t Feabundan
e (ZFe) is either (
ase A) �< 1 solar, or (
aseB) 2-3 solar, depending on the amount of absorption(important at lower energies, �< 0.7 keV) and the 
on-tribution to the di�use X-ray emission from the hiddenpopulation of LMXBs (important at higher energies, �>2 keV). See Figure 6 for 
ase A and B. Note that the�tting results are remarkably similar. The degenera
yo

urs be
ause the amount of absorption and (hidden)LMXBs 
ould redu
e/enhan
e model predi
tions at thelow and high energies, ie., e�e
tively altering the re-quired strength of the Fe peak at �1 keV. In 
ase B, therequired absorption is 
onsistent with the gala
ti
 NHand the LMXB 
omponent is similar to that of NGC1316 (after s
aling for LB) with a hidden population ofLMXBs down to 1037 erg se
�1 (where XLF starts to
atten in the deep Chandra observations of the bulgeof M31; Kong et al. 2002). Therefore, 
ase B may befavored over 
ase A where NH would be double andthe LMXB 
ontribution would be 1/4. If 
on�rmed,this would be the �rst observational eviden
e that theFe abundan
e is a few times solar, as predi
ted by thestellar evolution model (eg., Arimoto et al. 1997).However, the interpretation of NGC 507 spe
tra suf-fers from two un
ertainties in: (1) the exa
t amountof absorption and (2) the 
ontribution from (hidden)LMXBs.The gala
ti
 line of sight NH is 5.3 � 1020 
m�2.Neither IRAS FIR (Knapp et al. 1989) nor HI obser-
Fig. 7.| An example of spe
tral degenera
y. NGC 507XMM spe
tra are well reprodu
ed with 3-
omponent mod-els with widely di�erent ZFe. (a) ZFe = 0.6-0.8 solar withNH = 2 x gala
ti
 and a hard 
omponent = 1/4 for itsLB . (b) ZFe = 2-3 solar with NH = gala
ti
 and a hard
omponent 
omparable for its LB .



PROCEEDINGS 7vations (Knapp et al. 1985) of NGC 507 indi
ate signif-i
ant internal absorption from NGC 507 and appears tosupport 
ase B. However, Arabadjis & Bregman (1999)suggested that while for NH;21
m < 5�1020 
m�2 thereis a tight relationship between NH;21
m and the X-rayabsorption 
olumn NH;X , for NH;X �> 5 � 1020 
m�2the X-ray absorption 
olumn NH;X 
ould be doubleNH;21
m due to gala
ti
 mole
ular gas. The suggestedextra absorption is similar to what is required in 
aseA. We therefore need an independent way of measuringthe exa
t amount of absorption.The Chandra observations of NGC 507 have de-te
ted only a small number (3 in the 16 ks ACIS-Sobservation and 5 in the 40ks ACIS-I observation) ofnon-nu
lear point sour
es within D25, mainly be
auseNGC 507 is too far away (D=65.8 Mp
; only sour
eslike ULXs would have been dete
ted, see Kim, Fab-biano and Bri
khouse 2003). To determine the amountof the LMXB 
omponent, we relied on the relationshipbetween the X-ray luminosity of LMXBs and the op-ti
al luminosity of the galaxy. However, LX(LMXB)for a given opti
al luminositymay vary from one galaxyto another by as mu
h as a fa
tor of 4 (e.g., White etal. 2002), whi
h makes 
ase A and 
ase B of NGC 507indistinguishable. The best approa
h is, therefore, toidentify as many LMXBs as possible and remove themfrom the di�use X-ray emission. We are 
urrently work-ing with a large data set to better 
onstrain these twoun
ertainties.Based on the sub-solar metal abundan
es estimatedwith ASCA spe
tra, it was suggested that SN II domi-nate in young early-type galaxies and drive early gala
-ti
 winds. This would imply a 
onsiderably 
atter IMFand require a lower SN Ia a
tivity (eg., Loewensteinet al. 1994; Mushotzky et al. 1994; Matsumoto etal. 1997), than had been assumed in these galaxies onthe basis of stellar evolution models (eg., Renzini et al.1993; Arimoto et al. 1997). However, these 
on
lusionsare questionable, until the metal abundan
e is unam-biguously determined. In parti
ular the relative abun-dan
e of Fe and �-elements is key to dis
riminate theimportan
e of SN type II and type Ia (eg., Renzini etal. 1993; Loewenstein et al. 1994) and hen
e provides aimportant 
lue for the evolution of the hot ISM and thewhole galaxy. It appears that the relative abundan
eof Fe to Si (or S) is more or less 
onstant, regardless ofspe
tral models, in the 
ase of NGC 507 (either 
ase Aor B above). ZSi=ZFe is 1 - 1.4, depending on the solarvalue of Fe [note that the meteori
 value is about 1.4times smaller than the photospheri
 value of Andersonand Grevesse (1989)℄, indi
ating that 30-70% of the Femass is originated from SN Ia.V. Binding Mass of Early Type GalaxiesAnother important yet 
ontroversial topi
 has beenthe ability of measuring the gravitational mass of Eand S0 galaxies, based on the assumption of hot ha-los in hydrostati
 equilibrium (see e.g. Fabbiano 1989;

Trin
hieri, Fabbiano & Canizares 1986). In parti
u-lar, it was pointed out by the above authors that thismethod would not apply (or at least would be ex-tremely un
ertain) in the 
ase of X-ray-faint galaxies.The mass measurement based on the equation of hydro-stati
 equilibrium (see e.g. dis
ussion in Trin
hieri et al1986) hinges on 4 quantities (outer radius of the halo,temperature, density and temperature gradients at thisradius). For example, in NGC 1316, Kim and Fabbiano(2003a) have found that the X-ray binaries dominatethe emission at the outer radii, while the gas extendsout to �60" (5.4 kp
). For 
omparison, Forman et al(1985) have taken 19 kp
 of the halo radius in the massestimate, 
omparable to the radius of the region withinwhi
h LMXBs are dete
ted. The temperature of thehalo was assumed to be 1 keV (as opposed to 0.5 keVin Kim and Fabbiano 2003a). Clearly, data with lessangular and spe
tral resolution than Chandra's wouldnot (1) allow to separate point sour
es from di�useemission, giving a mistaken larger radius for the hothalo, and a more relaxed radial distribution; (2) alsothe temperature of the halo may appear larger thanit really is, be
ause of 
ontamination with the harderLMXB emission, if these 
annot be removed spatiallyor spe
trally; (3) the halo may not be in a state of hy-drostati
 equilibrium, if for example is subje
t to windsat the outer radii, as it may be the 
ase in NGC 1316where the radio jets have been likely intera
ting withthe hot ISM. This type of un
ertainty is 
ommon to allpre-Chandra mass measurements of X-ray faint E andS0 galaxies: be
ause of the problems exempli�ed in the
ase of NGC 1316, these measurements would tend toerr in ex
ess, even if the hot ISM were in hydrostati
equilibrium.There are several other interesting subje
ts whi
hwe did not dis
uss here. They in
lude: (1) the 
on-ne
tion of LMXBs with globular 
lusters. Angellini etal. (2001) reported that 70% of LMXBs in NGC 1399(Figure 2) are 
oin
ident with globular 
lusters within aregion observed by the Hubble Spa
e Teles
ope, imply-ing that LMXBs are preferentially formed in globular
lusters. If 
on�rmed, this 
onne
tion will signi�
antlyimprove our understanding of the formation and evolu-tion of binary stars. (2) Ultra luminous X-ray sour
es(ULX). Several brightest sour
es have their X-ray lu-minosity higher than that of stellar mass bla
k holebinaries, ie., Lx > 1039 erg se
�1. If they emit X-rays isotropi
ally (ie., unbeamed), the bla
k hole massof these systems are 100 - 1000 M�, intermediate be-tween stellar mass bla
k holes and super-massive bla
kholes in the 
enter of galaxies. Although their natureis not well understood, they are quite 
ommon as theyare reported in a rapidly-growing number of galaxies(eg., Humphrey et al 2003). (3) Low luminosity AGNs.As dis
ussed brie
y in se
tion II, AGN luminosities intypi
al giant ellipti
al galaxies are often extremely sub-LEddington. Although several possibilities of radiativeineÆ
ient a

retion 
ows (or extreme obs
uration) arebeing dis
ussed (in
luding e.g., ADAF, CDAF, and jet-



8 Kimdominated emission), the nature of the sub-EddingtonAGN is still puzzling (see Fabbiano et al. 2003).VI. SummaryHigh spatial resolution data obtained by the Chan-dra X-ray Observatory provide new insights in ourunderstanding of the hot ISM, LMXBs, and nu
leus(AGN) in galaxies and the galaxy itself. In almost allgalaxies observed so far, the hot ISM is neither smoothnor featureless. Many interesting, �ne sub-stru
turesare being revealed, in
luding sho
k fronts possibly as-so
iated with nu
lear a
tivities in NGC 4636 (Figure 1)and X-ray valleys intera
ting with radio jets in NGC1316 (�gure 3). A large number of LMXBs (often morethan 100 in a single galaxy) are individually identi�ed(Figure 2). The XLF of LMXBs is well reprodu
es witha single power law with (� � -1.3). The absen
e (orweakness) of the XLF bump at LX;Eddington, whi
h isexpe
ted in the Eddington-limited a

retion suggeststhat the Eddington limit may not be 
riti
al. Be
ausethe XLF of LMXBs in early type galaxies is steep,there are still a signi�
ant number of undete
ted, faintLMXBs. With the hidden population of LMXBs, themetal abundan
e is about one solar or 
ould be evenas high as a few times solar, whi
h is then 
onsistentwith stellar evolution models. The abundan
e ratio ofFe and �-elements suggests that about a half of the Femass is originated from SN Ia.This work was supported by NASA grant GO1-2082X and NAG5-9965.REFERENCESAnderson, E., & Grevesse, N. 1989, Geo
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