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Abstract. We discuss the galactic distribution of 450 sourcegegree K hot gas (commonly called the Local Bubble, hereafter
detected by the EUVE satellite that have reliable distance &8) that is thought to be the source of the ubiquitous soft X-ray
timates. Late-type stars dominate the nearby EUV source discckground emission (Snowden et al. 1998).
tribution, whereas the majority of EUV source detections with Over the last decade there has been an increased focus in
distances> 100pc are hot white dwarf stars. The galactic dighe study of the LISM in order to obtain detailed information
tribution of all these sources is non-uniform with number emn the physical properties and galactic distribution of the con-
hancements seen towards the Hyades cluster, in line-of-sigtituent LISM gas and to determine the past history of the LB
along theg CMa interstellar tunnel and towards high galacticegion (see reviews by Frisch 1995, Breitschwerdt et al. 1998).
latitudes in both hemispheres. A comparison of the distributidmparticular, Sfeir et al. (1999) have recently completed the first
of these EUV sources with that of the neutral absorption boursgtage of a long-term program of mapping the galactic distribu-
ary of the Local Bubble region derived from the interstellar Ndion of neutral interstellar Nal absorption within 300 pc of the
observations of Sfeir et al. (1999) reveals that vast majority 8fin. These observations (which were based on measurement of
EUV sources are contained within this neutral boundary. Hownterstellar Nal absorption taken over some 456 lines-of-sight)
ever, at high galactic latitudes 20 extragalactic EUV sourchave revealed an absorption boundary (or “wall”) of cold(T
have been detected along lines-of-sight with low neutral colurd000 K) neutral gas surrounding the hot LB. These maps clearly
density, and is consistent with the local interstellar cavity beimgveal the LB to be a highly asymmetric neutral gas-free inter-
“open-ended” in the galactic halo. This “Local Chimney” openstellar cavity with radii varying between 65 to 250 pc, that is
towards two regions of enhanced intensity of the 0.25 keV sgitesumably filled with very low density, highly ionized million
X-ray background emission at high galactic latitudes. Althougtegree K gas. The outer boundary to the neutral gas wall of the
the hot Local Bubble gas is still contained within a cold, neutréB region is defined by Sfeir et al. to possess a neutral hydrogen
interstellar gas boundary in the galactic plane, it has probalsigiumn density, N(HI);> 5.0 x 10° cm~2, thus providing an
expanded into the halo to produce the Local Chimney featurappreciable optical depth to both EUV and soft X-ray photons.
Hence, adopting the crude approximation that all EUV sources
Key words: ISM: atoms, ions — ISM: clouds — Galaxy: solaemit with same absolute spectral intensity, then the galactic dis-
neighbourhood tribution of known EUV sources should mostly lie within the
Sfeir et al. neutral LB boundary. We note that Diamond et al.
(1995) have found consistency between the observed galactic
. distribution of a sample of 79 EUV sources detected by the
1. Introduction ROSAT EUV Wide-Field Camera and a simple model with a
The NASA Extreme Ultraviolet Explorer (EUVE) satellite misLB mean radius of 70 pc surrounded by awall of neutral gas with
sion was launched in June 1992 and to date has detected OUgtl) < 10°° cm~2 within 100 pc in most galactic directions.
1100 sources emitting EUV radiation in the 70 to Z6fegion Although the majority of EUV sources (detected by both the
(Lampton et al 1997, Bowyer et al. 1996). The ability to d&eUVE and ROSAT Wide-Field Camera) are of local (galactic)
tect celestial EUV sources is highly dependent on the amo@igin, surprisingly some 20 active galaxies (Seyferts, BL Lac
of intervening line-of-sight neutral interstellar hydrogen gagbjects and quasars) were detected by EUVE in its very short-
which is a very efficient absorber at these short wavelengtst wavelength band (60-145) by Fruscione et al.[{1996).
Fortunately, the local interstellar medium (LISM), defined herEhe detection of these extragalactic EUV sources suggests that
as the volume surrounding the Sun to distances 860 pc, is the LB wall neutral gas density must be considerably lower
a region of unusually low neutral interstellar gas density:(n in directions away from the galactic plane when compared with
0.1 cnt?) thus allowing appreciable numbers of nearby EUYnid-plane directions. Additionally, the ROSAT soft X-ray back-
sources to be detected. The essentially neutral gas-free cavitgi@und emission maps of Snowden etfal. (1997) show a marked
the LISM is believed to be mainly filled with a rarefied millionenhancement towards both galactic poles, which is indicative of
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a reduction in the attenuation by the intervening neutral inter-12
stellar gas at high galactic latitudes. If the LB is typical of othe:r 1of
galactic superbubbles (such as in Cygnus and the Gum Nebgdla)}; §
that are thought to have been formed by a combination of thes|t .
stellar winds and supernova explosions of clustered OB staés,._ ]
then it is probable that the LB cavity has expanded away froin ,[
the galactic plane into the halo region. In such a scenario theol I‘Innﬂﬂ nn I
hot, ionized LB gas is advected from the disk into the halo via 50 e 200 250
the galactic fountain and chimney models (Edgar & Chevalier
1986, Shapiro & Benjamin 1991). In such a scenario we could![
expect the Local Bubble to be an open-ended interstellar tuges
like structure with no appreciably dense, neutral gas bounda‘fry i
at high galactic latitudes. st

Radio surveys of the 21 cm line of neutral HI indicate th@ 4
at negative latitudes there are no regions with N(K1P.8 x 5 2
10°° cm~2, and at positive galactic latitudes this column density |
lower limitis ~ 50% smaller, particularly in the region towards
the Lockman Hole in Ursa Major (Stark et al. 1992, Jahoda et
al.[1990). In addition, it is believed that the lower halo region - - - - -
(z > 250 pc) is occupied by a neutral layer of HI gas that lieg, °r Deep Ecliptic Survey, (Bowyer et al., 1996) |
just above the galactic plane with a column density of N¢HI) £ DS RAP, (Christian et al., 1999) 7
3 x 10" cm~? out to a distance of 1kpc (Lockman & GehmanZ s
1991). Thus the radio observations, in concert with the EUV
and soft X-ray data, suggest that there is no appreciably denSe
neutral wall to the LB at high galactic latitudes. |_| ﬂ

In this paper we present maps of the galactic distribution ° 0 100 50 200 250
of 450 sources with reliable distance estimates detected by the d (pe)
EUVE satellite to investigate their relation to the neutral absorp-,,

tion boundaries of the LB region. We compare the EUV source,[- ]
. . . . . . 4 L Scanner RAP |
distribution with the detailed absorption boundary contours @fio[- (Christian et al., 1999, Bowyer et al, 1996) -

Scanner Survey, (Bowyer et al., 1996)

Scanner Faint Survey, (Lampton et al. 1997) _|

1.

100 150 200 250
d (pe)

So

the Local Bubble region derived from Nal observations by Sfeﬁr 8l
et al. (1999). By comparing these two source distributions t& of
gether with the lines-of-sight towards EUV extra-galactic oli;- 4
jects, we show that it is highly unlikely that the LB has a denSe = ﬂ_l ” 5
neutral boundary at galactic latitudess0°. Thus, we now be- ~ ° oo — .
lieve that the LB may well be an open-ended interstellar struc- d (pe)

ture and is infact better described by the term “Local Chimney”.

8 -
White Dwarfs
(Vennes et al., 1996, 1997)

2. Observational data = -

f Sources

In order to accurately plot the galactic distribution of known° 4t .

EUV sources we have selected only those targets possessm [

both reliable stellar identification and reliable distance estf “| Iﬂl |_”|_| H |
mates. This represents a sub-set of 450 of the 1153 sources I p s s QOH |_|ﬂ25|]0
detected by the EUVE satellite that have been listed in the fol- d (pe)

I(?(:‘gg%é:gii 232;2; (él())\fvr;/irEeLf\;lE félllgzl)(y(:)c ;\rénébf/lg\;?ly S?(@g la—e Histogram plots of the sources and their respective distances
Yor each of the five EUVE data sets used in this paper.

catalog of faint EUV sources (Lampton et [al. 1897) and (i)

EUV sources detected during the EUVE right-angle program

(RAP) for data taken with both the EUVE Deep Survey tel@&997. Hipparcos distance errors are typically20% for stars
scope and the all-sky scanner telescopes (Christian et al. 1998thin 500 pc, while the errors for hot white star distances (de-
The distance estimates for theses sources have been taken frived from theoretical modelling) are typically25%. Note that

(i) for 333 late-type and 2 early-type stars we have used dige have omittted all early-type OB stars from our source list
tances from the on-line Hipparcos catalog (ESA 1997) and (@part from the two B starsand3 CMa which are both known
for the case of 115 EUV emitting hot white dwarf stars we hate possess EUV spectral flux (Cassinelli et al. 1996). All other
used distances derived by Vennes et al. 1996 and Vennes e©O&l.star “detections” by the EUVE satellite are assumed to be
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Fig. 2. Galactic distribution of sources detected by EUVE with known distarcB8 pc.
Table 1. EUVE source statistics
Catalog Name N(tot) N(Hip) M K G F A OB Ref.
Scanner Survey 514 132 18 35 49 23 5 2 1)
Scanner Faint Survey 183 64 6 12 18 24 4 0 2)
Deep Ecliptic Survey + DS RAP 82 33 3 5 5 16 4 0 1),(3)
Scanner RAP 374 106 17 24 33 28 4 0 (1.3
Source Totals 1153 335 4 76 105 91 17 2

References(1) Bowyer et al.[(1996); (2) Lampton et &l. {1997); (3) Christian e(al. {11999).

caused by known far ultraviolet leaks in the EUV filters (Mcfar more extended, with some sources having been detected to
Donald et al1994). We also note that40% of EUVE source distances in excess of 250 pc. Infact, of all the EUVE sources
detections have (as yet) no corresponding stellar identificatidetected with distances50 pc, hot white dwarfs represent 59%
and thus have not been considered in this paper. of the total.
In Table 1 we show a number breakdown ordered by spectral
type for each ofthe sources thatvyere observed by the four EU%_F1 EUV sources with distances50 pc
sky surveys that have been used in our present paper. Only 335 of
these EUV sources possess reliable Hipparcos catalog distandeig.[2 we show the galactic distribution of sources detected
estimates, and hence our present sampling is biased towdrg&UVE with known distances 50 pc, remembering that the
visually bright, nearby stars mainly of spectral type F to Miast majority of these sources are active late type stars of spectral
Note that none of the 115 hot white dwarf stars appear in thge F to M. Inspection of this figure shows an inhomogeneous
Hipparcos catalog due to their faint visual magnitude. distribution of detections with several sky segments (such as
In Fig.[Ja—e we show histogram plots of the sources and thisie region bounded by galactic longitudes 145 < +18C°
respective distances for each of the five EUVE data sets usedl latitudes> 60°) showing no EUV sources with distances
this paper (i.e. all-sky scanner survey, all-sky faint survey, De&f pc. In order to quantify this EUV source distribution further,
Ecliptic Survey + DS RAP observations, scanner telescope RAPFig.[3 we show histogram plots of the number of detected
observations and the EUV emitting hot white dwarfs containegurces (& 50 pc) as a function of galactic longitude binned for
in both the Vennes et al. papers). Inspection of these plots sh@wsnges of galactic latitude. The most significant feature in the
that the vast majority~ 60%) of the EUVE source detectionsEUV source distribution is the three-fold increase in detections
are nearby objects with distance$0 pc. The majority of these for the longitude range 15@0 210 for galactic latitudes -30<
nearby detections are active late-type stars which are knowrbta 0°. This increase is in part due to the presence of active late-
have a high space density and are generally at the flux detectige stars associated with the nearby Hyades cluster (d = 44 pc),
threshold of the EUVE instrument. However, we should notaut this alone cannot explain the majority of the sources detected
that 71 late-type stars were detected at distancé&® pc by in this direction (the Hyades contribution is denoted by sources
EUVE. The distance distribution of hot white dwarfs is clearlpbove the dotted line in Figl 3). Although an increase in EUV
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source detections for this direction has been noted previouslser
by Lampton et al.[(1997), it was incorrectly attributed to the

very low neutral interstellar column density direction towardg 15
the starg3 ande CMa (WelsH 1991), which in fact lies towardsw

[ =23%, b =-15°. In addition we confirm the slight increases 1o}
in source counts noted by Lampton et al. (1997) towards tBe
directions! = 95° , b = +3(° (due to EUVE's higher exposurez |
levels at the ecliptic poles) and towartds 180°, b = +45°(the !
line-of-sight to the star 36 Lynx which has a known low neutral 4t

b > 30

interstellar column density). ° 90
Fig[2 is also consistent with a slight deficit of source detec-

180
Galactic Longitude

270

360

tions in the general direction surrounding the Galactic Centeg,[
that has been noted previously (Frisch 1995, Pyelet al! 1995), and}
has been attributed to a nearby<c20 pc) absorbing cloud of 5 .
neutral gas. However, ultraviolet and EUV absorption measute- |
ments towards stars within 30 pc indicate that that the neut{aloi
column density of N(HI) is< 3.0 x 108 cm~2 in all direc- §
tions (Dring et al[ 1997, Lallement & Ferlet 1997 and Marsﬁ
et al.[1997), which is inconsistent with the level of absorptlon
required to match the observed deficit in EUV source numbersoi

0<b<30

in this direction. Inspection of the absorption cross-sections at o %0
100A (the peak emission wavelength of active late-type stars)
listed in Morrison & McCammori(1983) indicates that the most

180
Galactic Longitude

270

360

likely source of EUV opacity would be from a nearby<(@0 pc)
photo-ionized interstellar cloud with an enhanced neutral H
to Hl ratio.

SO

2.2. EUV sources with distances100 pc

umber of Source:

In Fig.[4 we plot the distribution by spectral type of all de=
tected EUV sources with distances100 pc. It is immediately

-30<b<0

clear that the source distribution is far from uniform. There is °t
a distinct lack of detections at mid-plane galactic latitudes that
is consistent with the paucity of sources towards the Galactic

L
90

L
180
Galactic Longitude

270

360

Center region discussed previously, and an enhanced number
sources detected in both hemispheres at high galactic latitudes.f
This EUV source enhancement has been noted previously Sy
Lampton et al.[(1997) and is identified with an extended low Hl
column density region surrounding the general direction of tﬁem:
Lockman Hole centered an~ 160° , b ~ +55°. n ;

We also note that although hot white dwarf stars domlnaie sk
the EUV detections for distances 100 pc, there seems to be |
no differentiation in their galactic distribution with that of the o

b < -30

(albeit) few detected late-type stars having similarly large dis- ° %
tances. The EUV source distribution shown in this figure can be

L
180
Galactic Longitude

L
270

380

311

simply explained by assuming that a (dense) LB neutral absofif- 3a—e.Histogram plots of the number of detected sources(d

ing wall of interstellar gas lies within 100 pc in most direction
atitude.

close to the galactic plane, whereas away from the mid- plane

the neutral LB boundary (if one exists at all towards the galactic

0 pc) as a function of galactic longitude binned for 4 ranges of galactic

poles) is of far lower neutral gas density. We will further addregecided not to plot these data since CV distances are highly
the question of whether an LB neutral boundary actually exisiacertain (Barrett et al._1999).

at high galactic latitudes in Sect. 3.
Finally, we also note that EUV emitting cataclysmic variable
stars (CVs) follow the same pattern of galactic distribution

&5 Comparison with Nal absorption maps

the aforementioned hot white dwarf and AGN lines-of-sighn order to test the simple explanations of the observed EUV
indicating that they have distancesL00 pc. However, we have source distributions given in Sect. 2, we have plotted the EUV
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Fig. 4. Distribution by spectral type of all detected EUV sources with distanc&80 pc.

data on galactic maps that also show the neutral absorbing con-In Fig[8 we show the distribution of EUV sources as viewed
tours of the LB wall recently derived by Sfeir et al. (1999)perpendicular to the galactic plane that contains both galactic
This absorbing boundary (shown as thick solid lines in[Big. pples and the Galactic Center. Since this meridian projection ex-
Fig.[8, and Fig.l7) represents an equivalent width of Nal inteeends into the galactic halo towards both poles, we have added
stellar D2-line absorption af 50 mA , which corresponds to a all 20 of the extragalactic objects detected by EUVE as listed in
neutral hydrogen column density, N(HI), of 5 x 10t cm~2.  Fruscione[(1996). We have shown the direction of these extra-
Regions of the LB boundary that are depicted by dashed lirgedactic sources in Fifl 6 with arrows. Although the Sfeir et al.
in these figures correspond to lines-of-sight that have not bdddicontours are undefined at high galactic latitudes for distances
sampled beyond the nominal LB boundary by Nal observations 200 pc (due to a lack of suitable targets for Nal observations),
and thus the LB absorption contour in these directions is unctre data suggests that the LB is most probably “open-ended” to-
tain. Following the example of Sfeir et al. we present maps whrds the halo in both hemispheres. We note that the sight-lines
the EUV source distributions as a function of distance viewadwards all but one of the EUV extragalactic sources shown in
from 3 different galactic projections for the galactic, meridiaRig.[§ are consistent with an open-ended LB with no appreciably
and rotational planes. dense, absorbing neutral boundary to the LB at high galactic lat-
In Fig.[8 we show the galactic distribution of EUV sourceiudes. The validity of the Sfeir et al. contour is also confirmed
with distances< 300 pc contained within a swath #fl8°along by the fact that all but 2 of the galactic EUV sources are also
the galactic plane as viewed from above the plane. The Sfeicentained within the LB neutral boundary. We note that the 2
al. derived LB neutral boundary lies at a distanc80 pc in all exceptions are the hot white dwarfs 0620+134 (mentioned pre-
directions, whereas the majority of EUV source detections areusly) and 0443-037 (d = 144 pc), both of which would be
< 50pc and thus they should mostly lie within the LB neutralonsistent with the LB boundary if their derived distances were
contour, as confirmed by Fig. 5. However, we also see that for30% less than those derived by Vennes et al..
the (albeit fewer) more distant EUV sources only 2 lie beyond In Fig[? we show the distribution of EUV sources as viewed
the nominal LB boundary, both of which are in lines-of-sighterpendicular to both views of Flg.5 and Kif. 6 that contains
not well defined by the nominal Sfeir et al. neutral boundarigoth galactic poles and is perpendicular to the Galactic Center
For the case of the hot white dwarf star 0620+134 we nad@ection. This map shows a large widening of the LB towards
that due to its faint visual magnitude (V = 15.1) the error on ithe North Galactic Pole, whereas it narrows considerably in the
nominal distance of 183 pc may be as large &8 8fhich would halo region towards the South Galactic Pole. Again we note
place it just within the nominal LB contour (Dupuis, privatehat the LB boundary contour is consistent with the majority
communication). The other EUV detection beyond the nominad extragalactic EUV source sight-lines and all but 2 of the
LB wall is the hot white dwarf star 0427+741, whose derivegalactic EUV source lines-of-sight. The notable extragalactic
distance of 257 pc would appear inconsistent with our preseaiurce exception is the Seyfert galaxy 1ES 0425-573, whose
results. Thus, although the EUVE source detections certainlysight-line ( = 266° , b = -42° ) is in a region of excess EUV
not constrain the neutral LB contours well in the galactic micdource detections (see Hi§. 4), and could well be serendipitously
plane, we note that their distance distribution does not confliotated along a narrow, low column density line-of-sight that
with the nominal Sfeir et al. LB neutral boundary. extends into the halo.
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these directions with no dense, absorbing neutral boundary at

. high latitudes. Fid.J6 also shows the LB (or ‘Chimney” as we

lt\)ﬂatp;]s O;tohgp?'f% It(el\lftsok]:t i/('r‘gy br?cl:gou:td Sn;lszlgnvsgllict%q:w should call it) being oriented perpendicularly to the Gould
y the satefite have been presented by showde erEﬁelt and pointing towards both regions of soft X-ray emission

- . . . . L s
(1997). Sfeir etal [(1339) have foundlittle detailed similarity beenhancement at high latitudes. We believe that this orientation

tween the hot local cavity contours suggested by the soft X-r%yno coincidence and suggests that the gas layer in the local

data and the LB neutral boundary derived from interstellar N }m is tilted in the same way as the Gould belt, in agreement

3?3?9[?203' T?he sfoft.]i(-ra); 0'2;3 kev emfs?n IS dn_o nt—)urt1r|lforr:1\xlith current theories on its formation (Poppel 1997). The rar-
IStributed with sighiticant enhancements found in both galags cavity is still contained within a neutral gas boundary in
tic hemispheres at high galactic I_at|tud¢s. A closer Inspectl b galactic plane, but it has now expanded into the lower halo
g;tt T:?a?w?errg?jpask Eh(())ovﬁ tg?(;sthbeothhlgha::(t;ltt'l:;deo|2-esa[|)( ?.rzlzlf’rfgldsproduce an interstellar feature we now feel is best termed

- W 9 Icp ut! he Local Chimney. Fid]7 indicates that the chimney is highly

towards! ~ 160" in the northern hemisphere (the I‘OCkm""rfalongated (like a wide funnel) at high latitudes in the northern

Hole” region) and towards~ 33C° in the southern hemsmherea%\?lactic hemisphere. This may explain why the soft X-ray back-

We note that t_he shape of '_[he LB contour shown in[ig. 6 n Eround emission is observed to be distributed over a far wider
gives a plausible explanation as to why the soft X-ray back- . : . : .

o S 2~ “range of longitudes at high latitudes in the northern hemisphere
ground emission enhancements exist in these two directiop mpared with the southern hemisphere
This figure clearly shows the LB is open-ended towards bo? P P '

3.1. Comparison with soft X-ray maps
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4. Summary within 20 pc. The deficit of EUV detections in this direction is

. . . . t explained by the presence of a nearby: (20 pc) photo-
We have obtained reliable distance estimates for a sub-set Of%ggzed cloud with an enhanced Hel to H ratio.

Sogg;i?fr::;ege?g;t?gnggfﬁsitjr\égss\?/titerlllI;?s?:d ZZ)OWCn tha We have compared the galactic distance distribution of the
Z v °| to-t tars dominate the nearby EUV he ; pd'i tE|-UVE sources with contours ofthe LB neutral boundary derived
ctive fate-type stars dominate the nearby LUV SOUrce dIStEl, ) yhe interstellar Nal absorption data of Sfeir et'al.(1999).
tl)ggonc’ \;vrk;e;]eoetls tm‘\em;l](;r:;ys?;riu}/hzou;Zit\.'(\;'tg.;'féariens(\)/}/e find that the vast majority of EUV sources are contained
EUVpso rces 'sv;/\oln— n\'l:‘/orm 'th.an 'ncgreasel'n dletelcgolns tW_ithinthe nominal LB neutral boundary, thus providing validity
u ! unriorm wi " ! : f5 the Steir et al. neutral absorption contours. At high galactic
wards.severall galactic directions that include (a) Iate—type St?arﬁ des over 20 extragalactic sources have been detected by
associated with the nearby Hygdes cluster at44 pc, (b) INCreageR/e along lines-of-sight of low neutral column density that
source c_ounts towards the region of very low column density e consistent with the LB being “open-ended” in the galactic
line-of-sight to the stag CMa, and (c) an enhanced number O:f:alo. This “Local Chimney”, which is found to be perpendic-
d|st§1nt ¢ 100.pc) I.EUV sources detected in both hem|§pherﬁFar to the Gould Belt, opens towards the regions of enhanced
at high galactic latitudes. A lack of EUV source detections ﬁntensity of the 0.25keV soft X-ray background emission at

the region surround!ng the Qalactlc Center is |pcon5|stent W |%h galactic latitudes. We conjecture that this orientation is not
the presence of an intervening dense, neutral interstellar clou
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