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THE GALACTIC CENTRAL DIFFUSE X-RAY ENHANCEMENT: A DIFFERENTIAL ABSORPTION/EMISSION
ANALYSIS

YANGSEN YAO! AND Q. DANIEL. WANG?
Accepted for publication in the Astrophysical Journal

ABSTRACT

The soft X-ray background shows a general enhancementddhainner region of the Galaxy. But whether
this enhancement is a local feature (e.g., a superbubbiéwvatdistance ofs 200 pc) and/or a phenomenon
related to energetic outflows from the Galactic centerubgmains unclear. Here we report a comparative
X-ray emission and absorption study of diffuse hot gas albegsight lines toward 3C 273 and Mrk 421, on
and off the enhancement, but at similar Galactic latitudée diffuse 3/4-keV emission intensity, as estimated
from the ROSAT All Sky Survey, is about 3 times higher toward 3C 273 than tolwdrk 421. Based on
archival Chandragrating observations of these two AGNs, we detect X-ray giigm lines (e.g., On Ke,

Kg, and Ovii Ko transitions az ~ 0) and find that the mean hot gas thermal and kinematic priepeiong

the two sight lines are significantly different. By subtiagtthe foreground and background contribution, as
determined along the Mrk 421 sight line, we isolate the nea)Xabsorption and emission produced by the
hot gas associated with the enhancement in the directio€@ &73. From a joint analysis of these differential
data sets, we obtain the temperature, dispersion vel@eityhydrogen column density ap1.6,2.3) x 10°

K, 216(104, 480) kmg, and 22(1.4,4.1) x 10*° cm?, respectively (90% confidence intervals), assuming that
the gas is approximately isothermal, solar in metal abuecesrand equilibrium in collisional ionization. We
also constrain the effective line-of-sight extent of the gmabe 3.4(1.0, 10.1) kpc, strongly suggesting that the
enhancement most likely represents a Galactic centralgghenon.

Subject headings: Galaxy: structure — X-rays: ISM — X-rays: individual (3C 2Mrk 421)

1. INTRODUCTION band X-ray observations such as the RASS (Snowden et al.

: 1997) and more recently on X-ray CCD observations from
The soft X-ray background (SXB) is greatly enhanced to- ) .
ward the inner part of the Galaxy € 60°), particularly obvi- ~ XMM-Néwton and Suzaku By observing the X-ray inten-

ous in theROSATAII-Sky Survey (RASS) 3/4-keV band map sity variation on and off cool gas clouds at known distancgs,
(Fig.[I; Snowden et al. 1997). This Galactic central soft X- °N€ can separate the foreground and background contrifsutio

ray enhancement (GCSXE) apparently arises from diffuse hot(Burrows & Mendenhall 1991, Wang & Yu 1995; Park et
gas; but its three-dimensional (3-D) morphology and origin & 1997; Almy etal. 2000; Kuntz & Snowden 2000; Galeazzi
are largely uncertain. The most prominent part of the GCSXE ©t al- 2007; Smith et al. 2006; Henley et al. 2007). These ex-
is along a ridge that is commonly considered to be associated?€fiments are particularly useful in isolating the locatay-
with the North Polar Spur (NPS) — probably part of the radio €Mission an_d hence determining the properties of hot gasin
continuum feature Loop |. The NPS is believed to be a local (€ solar neighborhood. However, to infer the properties of
feature, based primarily on stellar polarization measeremn 1Ot 9as in distant regions is a much bigger challenge. Par-
(Bingham 1967); but this assertion is not universally ategp ~ ticularly uncertain is the correction for the absorptioniry
The NPS and the rest of Loop | have been interpreted as %(ervenlng_c_ool gas; the distribution of which relative te th
nearby D ~ 170 pc) supernova remnant (SNR; e.g., lwan -ray-emitting hot gas can be a complex (e.g, Kuntz & Snow-

1980), a stellar wind bubble from the Scorpio-Centaurus OB d€n 2000; Breitschwerdt & de Avillez 2006). Nevertheless, i
association, or a combination of the two (e.g., Egger & As- 1aS been shown that a large amounts of hot gas is present in
chenbach 1995). Alternatively, the GCSXE could represent af€9ions toward the Galactic inner region and beydnd 2
recent outflow (e.g., a bipolar wind) or a giant explosiomiro  KPC (Almy et al. 2000). Along such a line of sight, one in
the Galactic nuclear region (Sofue 1984; Bland-Hawthorn & 9eneral expects X-ray emission contributions from mutipl
Cohen 2003), or a more gentle but lasting Galactic bulge wind €omMponents: the Local Hot Bubble (LHB; e.g., Snowden et
interacting with the Galactic gaseous hal@1§ 4). In thizcas & 1998), the extended hot Galactic disk/corona (e.g.,&ao0
the physical size of the enhancement must be comparable tdVang 2005, 2007), the unresolved Galactic and extragalac-

our distance to the Galactic center 8 kpc). Clearly, these  tC Point sources (e.g., Kuntz & Snowden 2001; Hickox &
scenarios have vastly different implications for the oltena- Markevitch 2006), and the GCSXE. Of course, there could

ergetics of the GCSXE (i.e., bvs. > 107 ergs) and its be additional discrete features such as the NPS, which is
impact on the global interstellar medium (ISM) structure of Most likely a separate identity, independent of the GCSXE
the Galaxy. (see 8 4). Direct spectral decomposition of these compsnent

Studies of the GCSXE have been based primarily on broad-2/0nd @ single sight line is very difficult, if not impossible
In this work, we present the first X-ray absorption line spec-

1 Massachusetts Institute of Technology (MIT) Kavli Institufor As- troscopy of the GCSXE, based on grating observations from
trophysics and Space Research, 70 Vassar Street, Cambkidg@2139; the Chandra X-Ray ObservataryNe compare the observa-
yaoys@space.mit.edu tions of 3C 273 and Mrk 421, on and off the GCSXE (Eiy. 1)

Olf)g;pa“g‘e”t t°f AStrO”O”ij’ University of Massachusetts, arsh MA g determine its Qi and Ovin line absorptions. This dif-
;Wi astro.umass.edu . . .
ad@ ferential spectroscopic data set enables us to charaztbez
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TABLE 1
PROPERTIES OF THE INTERESTED FIELDS
N
objects (,b) (cm™2) SXB Int. Diffuse Int.

3C273 (28995 64°36) 17x10%° 192x10% 1.29x10*
Mrk 421 (17983, 65°03) 14x10%°° 1.01x10% 0.39x10*

NPS (2684, 21°96) 56x10°%° 758x10* 6.95x 10
NOTE. — The total HI absorption column density are adopted from
. - ] Sembach et dl.[ (2001) for 3C 273 and from Dickey & Lockman (099
“FiG. 1.— Directions of various relevant point sources (for X-ebsorp- for Mrk 421 and NPS directions. The SXB intensities (in uni
tion measurements) as well as the diffuse features: NPShandatlio loops counts st arcmir2) toward 3C 273 and Mrk 421 are obtained from an an-
I/IV (Haslam et al. 1971), shown on the RASS 3/4 keV band isityrmap nulus of °0 to 1°5 radii around the source on the 3/4-keV band RASS map.
(Snowden et all_1997) in Aitoff projection. The diffuse intensities are obtained by subtracting thérimrions from the

unresolved extragalactic and Galactic point sourc&s (§H1g.intensities of

thermal and kinematic properties of the hot gas a‘SSOCIa‘tedthe NPS (its brightest part) are obtained from a circulaioregf 1° radius.

with the GCSXE with minimal uncertainties. The spectro-
scopic data, together with the emission intensity diffesen
measured with the RASS, further allow us to estimate the ef-
fective path-length and density of the hot gas.

Throughout the paper, we quote the errors at the 90%
confidence level, adopt the solar metal abundance from
Anders & Grevese| (1989), and assume that the hot gas is in
the collisional ionization equilibrium (CIE) state and ig-a
proximately isothermal.

x107* Counts s™! kev™!

2. OBSERVATIONS AND DATA REDUCTION 0.5 0.6 0.7 0.8 0.9

. i . . Channel el;ergy (keV)

As shown in Flgureﬂl’ .the Slght line of 3C .273 passes FIG. 2.— Spectrum of the emission associated with the GCSXE @and i
through the GCSXE, and is at the edges of radio |_00p3 I/IV. the direction of 3C 2734olid crosses the best-fit model convolved with
The 3/4-keV (RASS R4+R5 band) background is known the RASS responsesglid histograi and the SXB spectra toward 3C 273
to have quite a uniform intensity distribution, except for (dashed crossgsand Mrk 421 @lotted crossgsSee text for details.

those abnormal regions such as the Galactic Bulge, NPS, thgne packground intensities (Figl 2) from an annulus 80 1
Cygnus Loop, etc. (Snowden etial._1997). Much of the back- 1°5 radii centered at each of the sources, using the X-Ray
ground emission in this band is proved to be thermal, with gackground Tool in HEASACS
distinct line emission in high spectral resolution obséores The absorption spectra are extracted from an extensive set
(McCammon etal. 2002). In contrast, the 1/4-keV (R1+R2 of Chandragrating observations, with an accumulated ex-
band) background intensity traces mostly hot gas in the LHB pogyre time of~ 480 ks each for 3C 273 and Mrk 421.
and residual emission from more distant regions after 6igni \ve have analyzed most of the observations of Mrk 421 in
icant photo-electric absorption by foreground cool ISMeTh a0 & Wand (2007) and have detected significantiCK cv,
background intensity in the 1/4-keV band appears patchy andk 3, and Ovi K absorption lines in a co-added spectrum.
shows little correlation with those in the higher energyd®n  £or this study of the 3C 273 sight line, we use 13 observations
The background intensity in the 1.5-keV (R6+R7) band arisesaken with the Advanced CCD Imaging Spectrometer (ACIS).
primarily from extragalactic AGNs. Therefore we only use Among these observations (ObsID: 1198, 2464, 2471, 3574,
the data in 3/4-keV band that are primarily due tosOand 4431, 5170, 459, 2463, 3456, 3457, 3573, 4430, and 5169),
Owir line emission in the hot ISM (McCammon etlal. 2002). the |ast seven used the High Energy Transmission Grating
The diffuse 3/4-keV background intensity in the vicinity of (HETG), for which only the data from the medium-energy-
the 3C 273 sight line is about 3 times of those at a typical high grating arms are included. We do not use two observations
(|b|220°) Galactic latitudes but away from the inner part of taken with the High Resolution Camera for a total exposure
the Galaxy (e.g., Mrk 421 direction) and is about 1/5 of that a f ., 70 ks; their inclusion would increase the counting statis-
the brightest part of the NPS (Talgle 1; Snowden et al. 1997).;.¢ only by~ 15% at~ 20 A, but would also introduce the

We use Mrk 421 direction as a reference sight line, which hascomplex overlapping from high«( 1) order data (Yao & Wang

a Galactic latitude similar to the 3C 273 direction. .
We use the RASS intensities in the R4 and R5 sub-bands tos(r)gcesédzuorg?a)é <\j/\(/aes£)rrigg?jsiz t\?:oAéLC\I/sa(rj]gt?z,ggltlsovz%nc??;he same

gain crude emission spectral characteristics of the 3C 8d3 a We focus on the oxygen absorption lines to avoid the un-
Mrk 421 sight lines. To account for the possible calibration certainty in dealing with relative metal abundances. We fit

uncertainties in the intensities of the individual energpds, the spectral continuum in the 18-22 A ranae with a power
we add 109 systematic uncertainty to the emission spec- pectr g¢ Fl
law and fix the foreground cool gas absorption toNfe=

trum in our data analysis. To avoid the potential confusion 0 . T
from the emission of these bright sources due to the broad!:/ * 107° cm (Sembach et all._2001). This model fit gives

2 — .
wing of the point spread function (PSF) of the RAS&ndto X /dof = 524/397; the strong @1 Ko, Kf, and Ovin Ko
smooth out any potentlal local emission gradlent, we ektrac For Mrk 421 at its historical high flux~ 50 times higher than the normal

flux; e.g., theChandrapbservation with ObsID 4148), the stray light from the

8 The calibration uncertainty in intensities of the indivadiibands is not point source contributes. 0.2%(20%) to the SXB intensity of an annulus of
available in the literature. The 10% is our attempted value. 1°0 to 1°5 radii for R4+R5 band. The contribution from 3C 273 to the SXB
4 For a PSPC pointing observation with an off-axis 40'), the PSF den- intensity is negligible.

sity at 0.5 keV drops- 108(1Cf) times at~ 1° away from the point source. 5 hitp://heasarc.gsfc.nasa.gov/cgi-bin/Tools/xraytmy/kg.pl
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absorption lines are clearly visible in the residual. The in
clusions of these absorption lines as described in § 3 signif
icantly improves the fit ?/dof ~ 402/392). The resultant
power-law index and the normalization ard .0,2.3) and
2.3(2.2,2.5) x 1072 photons keV! cm™? s at 1 keV.

The Ovi Ka absorption line toward 3C 273 has already
been detected hy Fang etlal. (2003), based on a subset of the
observations used in this work. They have further discussed
possible origins of the absorbing hot gas as a single compo-
nent, either the intergalactic medium, the Galactic halthe
radio loops I/IV. The detection of the additional absorptio
lines and the comparative analysis between the sight lages,
reported here, now make it possible to isolate and chaiaeter
the contribution from the GCSXE.

3. ANALYSIS AND RESULTS

We first characterize the absorbing gas by using our absline
modef to jointly fit the O vi and Ovii absorption lines in
the spectra of 3C 273 and Mrk 421. We measure the dis-
persion velocity ¥,), temperatureT), and the effective hy-
drogen column density\y) of the gas along each sight line.
Table[2 summarize the results, including the inferrech O
O vi, and Ovii column densities. This single-temperature
modeling represents only a simplified characterizatiorhef t
gas. For example, a joint analysis of the emission and ab-
sorption data for Mrk 421 shows that the hot gas along the 5
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FiG. 3.— Detected oxygen absorption lines in @&andraspectrum of

C 273. The models have been convolved with the instrumeesplonses.

sight line is not isothermal (Yao & Wang 2007). We expect The dotted histograms mark the amount of absorptions towakd421 di-
a more complicated temperature structure along the 3C 273ection. The bin size is 10 mA.

sight line. Nevertheless, the simple characterizaticseisi-

tive to the specific physical model adopted, should be suffi-
cient for the modeling of averaged hot gas properties along
the two sight lines, and thus facilitates a differential lgsia

of the GCSXE.

Comparing with the Mrk 421 sight line, the 3C 273 sight
line is clearly affected by the hot gas associated with the GC
SXE. The model characterizations of the two sight lines are
substantially different, in terms of both thermal and kiraim
properties as well as the total absorbing column densitis (
ble[2). We attribute this difference to the additional apsion
produced by the GCSXE. We characterize this net GCSXE
absorption by including a separate componentin modeliag th
absorption along the 3C 273 sight line (Hi¢. 3). This compo-
nent is in addition to the reference contribution assumed to
be the same as that estimated from the Mrk 421 sight line
(Table[2). Uncertainties in the reference contributionrae
glected because the spectral signal-to-noise ratio of Nk 4

(e.g., Fig. 1 in Yao & Wang 2007) is a factor 6f4.5 higher W

10 .
)
(=9
=)
=)
17 —
Il
6.10 6.15 6.20 6.25 6.30 6.35 6.40
log[T(K)]

Fic. 4.—The 68%, 90%, and 99% confidence contours of the effec-
tive scale lengthl() vs. the temperaturd{) of the hot gas associated

ith the X-ray emission enhancement toward 3C 273.

than that of 3C 273. The parameters of the GCSXE COMpO-gpectrum well (Figsl2i3). The fit gives, T, andNy and

nent are all free to be fitted.

further allows us to infeNovii, Novin, andNoy, for the hot

Similarly, we subtract the emission spectrum toward gag associated with the GCSXE (TaBle 2). The same fit also

Mrk 421 from that toward 3C 273 to obtain the net emis-

sion spectrum of the GCSXE (Figl 2). We have ignored the
small difference in the foreground cool gas absorptions be-
tween the two sight lines (Taklé 1). A correction for this-dif

g

ives an estimate of the effective path-length through tee g

asL =3.4(1.0,10.1) kpc. This inference uses the fact that
the emission measure (EM) of the hot gas is proportional
to its number density squar&i

oc Aon3Ln), whereas the

ference will decrease the emission intensity toward Mrk 421 |ie absorption depends on the ionic column density ¢

by 5%, which is much less than the statistical uncertainty
(Fig.[2). d

ovii /Ao  nyLn). For simplicity, both the oxygen abun-
anceAo (in solar units) and the volume filling factorare

We measure the properties of the hot gas associated withset tg 1 in the quoted results (se€l§ 4 for further discuskions
the X-ray enhancement toward 3C 273 by jointly fitting the Figure[3 shows thé versusT confidence contours. With
net emission and absorption spectra. This joint fit, as goodinese characterizations, we further infer the averageitgens
as that for the absorption data alone, matches the emissioRessure, and EM of the gasms= 2.1(0.4,6.6) x 1073 cni~
P/k=4.22(08,13.3) x 10°cm™ K, andEM = 1.9(0.6,6.3) x

6 Sed Yao & Wany [(2005) arid Wang et dl._(2005) for a detailedripesc N
91{2005) g etiel. (2005) e 102 cm® pe.

tion of the model.
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TABLE 2
SPECTRAL FITRESULTS
) T NH Nowi Noviil Nowi
direction (km s1) (1P K) (10¥%cm?) (10%cm?) (10%cm?) (102 cm?)

3C 273 139(92,263) 1.7(1.4,2.0) 3.5(2.3,5.6) 2.0(1.3, 3.8.0(3.1,14.7) 6.0(3.8,11.0)
Mrk 421  64(48,104) 1.4(1.3,1.6) 1.4(1.0,2.0) 1.0(0.7)1.51.5(0.6, 2.6) 3.2(2.1, 5.0)
GCSXE* 216(104,480) 2.0(1.6,2.3) 2.2(1.4,4.1) 1.0(0.6,2.6) (Z®13.3) 3.2(1.8, 8.2)
NOTE. — In our absorption line model, the transition oscillatmoefficient and the damping
factor are adopted from Verner etlal. (1996) fov®and Ovii, and from _Morton [(2003) for
O vI. 90% confidence intervals given in parenthesis.
& The GCSXE contribution along the sight line toward 3C 272dlion. See text for the details.

4. DISCUSSION ~ 2.2 x 10" cm™ (Table[2), can therefore accommodate

We have obtained the dispersion velocity, temperature, ab->"/ bubble boundaries like those of the LHB in the line of

sorption column density, and the effective path-lengtthef t S9Nt implying a size of the hot gas500 pc. The tempera-
diffuse gas associated with the X-ray emission enhancemensure of the hot gas is- 2 times higher than that of the LHB
toward the 3C 273 direction. The 90% lower limit of the path- (1aPI€2). Therefore, if the thermal pressure could be agsum
length, L> 1 kpc, places the gas well beyond any possible {0 be roughly the same as that in the LHB, the size of the
local origin within a distance ob <200 kpc, and therefore GCSXE would then be larger. This simple comparison also
favors a remote origin of the gas. The emission enhance-Suggests that the GCSXE represents a remote phenomenon.
ment most likely reflects an outflow from the Galactic cen- _HOW does the conclusion depsnd on our assumed solar
ter (GC) and/or bulge region. Large-scale winds driven by Metal abundances of the hot gas? We have used only the X-
galactic nuclear starbursts and/or AGNs have been observedy absorption lines produced by oxygen ons. For a plasma
in many galaxies (e.g., Martin 1999; Heckman et al. 2001). &t~ 2 x 10°K, O vu and Ovin dominates £ 85%) the emis-
In our Galaxy, there is also evidence for the powerful energy SIOn in the RASS 3/4-keV band. Therefore, a deviation of
injection from the GC on scales of several arcminutes to tens''°N-0Xygen metal elemental abundances from the assumed
of degrees from radio tg-ray (see Morris & Serabyn 1996: solar values will not significantly change ouestimate. For
Veilleux et al. 2005 for reviews). The outflow is also expecte  €X@mple, assuming the abundances equal to zero would give
from the energy and mass injection from the Galactic bulge b = 2:8(0-9,9.1) kpc, whereas adopting the abundances to be
due to Type la supernovae and ejection of evolving low-massSUPers-solar would lead to a slightly larderTheL is nearly
stars. In any case, the outer boundary of the GCSXE maynversely proportional to the oxygen abundance. To let the
represent the interaction region of such an outflow with the SCSXE be consistent with a local 0”9'”0("‘35209 Pe, §1)
Galactic disk and the accretion from the intergalactic medi the Ooxygen abqndance need_s to-p (90% lower limit; &3)
(Wang 2007). times solar, which is very unlikely. _

The large velocity dispersionvg ~ 216 km %) of the gas With the characterizations of the hot gas obtained [d § 3,

along the 3C 273 sight line supports the GC origin of the GC- We can estimate the thermal energy contained in wind ma-
SXE (TableR). Our estimate of the dispersion is based es-{€fial- We take a simple bipolar glass-timer geometry fer th
sentially on the relative saturation of the observediCka ~ Wind with a cone-like shape near the GC and a cylindric shape

and K3 absorption lines and is consistent with the presence?t [arge vertical distances (5|2 < 20 kpc; e.g., Sofue 2000;
of an Ovi hig?w velocity absorption wing (extending up to Bland-Hawthorn & Cohen 2003). The radius of the cylinderis

~ 240 km 1), detected in theFUSE spectrum of 3C 273 assumed to be 7.2 kpc, to be consistent with our estimated

(Sembach et al. 2001). The dispersion is significantly highe Path-lengthk ~ 3.4 kpc) along the 3C 273 sight line (taking

than those estimated for the Mrk 421 sight line and for a sim- the distance to the Galactic center of 7.6 kpc; Eisenhauer et
ilar off-GCSXE direction toward LMC X—3 (Galactic coordi- &l- 2005). To simplify our calculation, we assume that the ga

natesl,b = 273°57,-32°08; Fig.[1; Wang et al. 2005), indi- density is uniformly distributed and the gas temperatueis
cating different natures of the intervening media. At a tem- Ponentially decaying along the vertical direction from 50°
perature ofv 2 x 10° K, the thermal broadening for the @- K near the GC (e.g., Park et al. 1997) ta 20° K at the lati-
bearing gas is- 45 km s, which is negligible compared to tude of 3C 273 (Tablgl2). We find that total energinS

P ; ; , Which is roughly in line with that expected in the GC
Wb, indicating a large nonthermal broadening. This broaden-&9S: W ) _ ¢
ing cannot be due to the differential rotation of the Gatacti Wind modelsi(Sofue_2000; Bland-Hawthorn & Colien_2003).

disk, because of the high Galactic latitude direction and is While the emission enhancement toward 3C 273 likely

most likely due to the very turbulent nature of the gas, as is &1S€s in a region around the GC, the bright NPS may still
expected in the interaction region. have a local origin (e.g., de Geus 1992). In this case,

It is also instructive to compare properties of the hot gas e NPS may be superposed on the large-scale GCSXE,
associated with the emission enhancement in the sight line¥Nich appears much more extended (to regions Wi60°;
of 3C 273 with those of the LHB. The temperature of the F19: 1). [Milleretal. (2006) recently presented a high res-
LHB is commonly accepted to be 10° K, butthe EMis still  °lution Suzakuemission spectrum of the bright NPS (Ta-
poorly constrained, ranging from 0.0079 to 0.02&c (e.g., ble[d). From a multiple component fit, they found that while
Smith et al. 2006; Galeazzi et al. 2007; Henley et al. 2007). the relative abundances of Ne/O, Fe/O, and Mg/O are con-

; ; . sistent with the solar values, the N/O 4s4 times higher.
Z?lgr glggg?v?rrlzgg'\; |izr$1p?il;;hgnL:ES;%iﬁgocgin(%gd,enssfﬁ)l/r They therefore attributed the NPS to the Sco-Cen environ-

of 2.7-4.4 x 10'8 cmi2 across the LHB. The obtained col- MeNt, being enriched by material undergoing the CNO cycle
umn density of the hot gas associated with the enhancemeni Massive stars. In addition, the temperature they obdaine



Galactic Central Diffuse X-Ray Enhancement 5

~3.4x 10° K, is substantially higher than that of the GCSXE, properties of the hot gas associated with the GCSXE.

as we have obtained here (Table 2). A similarly high temper-

ature was also obtained from th@/IM-Newton observations

(Willingale et all | 2003). The apparent high temperature of We thank Eric Miller, Claude Canizares, Paola Testa, and

the NPS may be due to the high-velocity shock-heating, com-Herman Marshall for useful discussions. We are also grhtefu

monly seen in young supernova remnants. to the anonymous referee for insightful comments and sugges
We have assumed that the hot gas associated with the GCtions, which helped to improve the presentation of the paper

SXE along the 3C 273 sight line is isothermal, which is ad- This work is supported by NASA through the Smithsonian

equate in the present study due to the very limited spectralAstrophysical Observatory contract SV3-73016 to MIT for

resolution of the RASS data used here. Emission data withsupport of theChandraX-Ray Center under contract NAS 08-

a low instrument background and relatively high spectrad re  03060. Support fronChandraarchival research grant AR7-

olution (e.g., from a deepuzakuX-ray CCD observation) 8016 are also acknowledged. QDW appreciates additional

will be particularly useful for tightening the constraits the support from NASA grant NNX0O6AB99G.
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