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Abstract. We analyse the large-scale sky distribution of 85930ssible with the data provided by the RASS. Systematic iden-
X-ray emitting stars from the cross-correlation of the ROSAlifications of all RASS sources detected down to the complete-
All-Sky Survey sources with the Tycho catalog. We detectreess limit of the RASS~ 0.03 cts 5!) in sufficiently large test
density gradient from the galactic plane to the galactic palegions demonstrated a substantial contribution of the stellar
which is attributed to the scale height of the young late tygmpulation in such soft X-ray surveys. Depending on galactic
star population of the galactic disc. The data also show a |datitude, active stars account f8r30% of the total X-ray source
galactic latitude enhanced feature with respect to mean plamatent at high galactic latitudes (Zickgraf et al. 1997) and up to
density. We fit the observed X-ray stellar surface density with85% at low galactic latitudes (Motch et al. 1997). The RASS
a model consisting of a constant background component pisigshus an efficient tool to select large samples of active (and
an exponential disc and derive for the best fit an inclinatidrence presumably) young stars.
1 = 27.5° £+ 1° and an ascending nodg = 282° + 3° with Unfortunately, the X-ray data by themselves do not permit
respect to the galactic plane. We discuss the Gould belt aa @ear and unambiguous identification of an X-ray source with
possible explanation to account for the observed enhancemantastrophysical object class such as a star, a cataclysmic vari-
able, an AGN etc.. The most reliable identifications of X-ray
Key words: X-ray: stars — Galaxy: stellar content — stars: latesources require optical follow-up observations of the objects
type found in and near the X-ray error boxes. Such an approach is
rather time consuming and thus practically restricted to areas
typically smaller than a few hundred detpr the purpose of
statistical studies (Motch et al. 1997, Zickgraf et al. 1997) or to
1. Introduction identify objects of interest like T-Tauri candidates in star form-
One of the major findings of stellar X-ray astronomy is thing regions (Neuauser 1997 and rgferences therein). I.t s —_at
discovery of so-called “active stars”, i.e., stars whose X-ra Iue—aSt at present - not feasible to optically follow-up and identify
y 1.8, y

minosity exceeds that of the Sun by many orders of magnituéltlaI the RASS X-ray sources; this is, however, precisely what we

The first stellar soft X-ray surveys carried out with Biastein néed in order to study the large-scale distribution of active stars.

Observatory(Vaiana et al. 1981, Fleming et al. 1989) showed In order to tackle the problem, we decided to cross-correlate

that a small fraction of the stellar population is characterized Btr Ilatr Cart]?l?gs V\?'thg.he F'A\ﬁ; )Ii;qra\yvio)l(.lrrce Ilsrt1|dn orttjier ro ;:on-
X-ray luminosities three (or more) orders of magnitude Iargg uct samples ot objects 0 “ray and optical prop-

than the Sun at solar maximum. The stars producing these el%p_es. The major disadvantage of such an approach is that any

mous X.tay outputsare ngeneraloflowmass(. ) rapidly - 3o BEEE T U8 B BT EREIR S (00 O
rotating and usually young with characteristic ages df0" yrs pie. '

(although the precise age of these stars is subject of some%%relate the RASS sources list with the Tycho catalog (ESA

bate). Because of their large X-ray luminosities such stars ¢ 97). We emphasize that the cross-correlation of these two cat-

be detected at substantial distances. Given the typical Iimitiﬁ‘é)C gs resulted in the largest sample of stellar X-ray sources with

o o i FOSAT Al Sl ey (A5 Vet 1007) o Peson, magniuie, clors and prper motons cor
~2x 10 B ergcnr?sec!, the Sun can be detected out to gru - P ky ple (

distance of only. 10 pc (Schmitt 1997). Stars with 16 L. as theRASS - Tycheample) allows us to study the large-scale

can then be detected out to a distance 800 pc, and hence thed|str|but|on of X-ray active stars in the solar neighbourhood.
study of the large scale distribution of these sources becomes

2. The RASS - Tycho sample

Send offprint requests t®. Guillout . . . _
* Based on observations made with the ESA Hipparcos astrometye basic sample for our study consists of those objects obtained
satellite by cross-correlating the RASS X-ray source list}50 000 at



P. Guillout et al.: The large-scale distribution of X-ray active stars 541

a likelihood threshold of 7) and the Tycho catalog (Hoeg et akspect to the plane. This decrease of stellar density is particu-
1997), which contains astrometric (coordinates, trigonomettarly noticeable abovgh| ~ 30°. This global behavior confirms
parallax, proper motion) and photometric/{(BVr, (B-V)r) previous statistical studies based on smaller test areas.
data of the brightest one million stars over the whole celestial Models describing the sky distribution of X-ray active stars
sphere. The Tycho catalog is complete down to a magnitu@gicela et al. 1993, Guillout et al. 1996) predict that high-
limit of 10.5 but also contains fainter stars. All RASS sourcdaminosity late-type (F-M) stars contribute a significant frac-
were first searched for Tycho entries within a matching diien to the stellar population detected in the RASS. Because
tance of 2arcmin around the X-ray source position. Next tloé the small scale height of such stars, these models predict a
distribution of offsets between optical and X-ray position wastrong gradient in stellar density from the galactic plane to the
examined. Specifically we found the number density (per umjalactic pole in agreement with our qualitative observations. A
sky area) of stars in a given offset interval to first increase agdantitative comparison of the data with model predictions is
then decrease down to a nearly constant level, suggestingtiiesubject of a separate investigation (Guillout et al. 1998).
obvious interpretation of the peak as those objects which are
to be physically matched in both catalogs, while the const .
background is ascribed to spurious identifications. In ordera:;f:')ﬁ' Analysis of the asymmetry
limit the contamination from this spurious population to a lowloser inspection of the all-sky distribution ®§chomatched
level we restricted the maximally acceptable matching distanR®ASS sources shows a noticable asymmetry with respect to the
between optical and X-ray positions to 30 arcseconds, and fouyadactic plane. Fid.]3 displays a broad enhanced density fea-
13 875 matches out of which about 6% are expected to be sptuire displaced from the galactic equator which shows up most
ous. Since we are concerned with statistical studies, a contgsrominently towards the third and fourth quadrants. The obvi-
ination of 6% ought not to affect any of the conclusions drawsus question arises whether these enhancements are the result
in this paper. More details on tiRASS - Tychsample are given of individual spatially confined regions with an excess of X-
by Guillout et al. (1998). ray emitting stars such as young open galactic clusters and star
Since both the RASS and Tycho catalogs are flux-limitethrming regions (SFR) or whether they are the result of a coher-
our RASS - Tychsample is affected by the same two sourcesnt large-scale structure. Young open clusters such as Pleiades,
of bias. Unlike the Tycho catalog whose sensitivity is positioHyades, etc as well as the Taurus-Auriga, Orion and Chameleon
independent, the RASS detection thresholds vary significan8¥Rs (see black circles Fig. 3) are clearly detectable stellar sur-
over the sky. Guillout et al. (1998) show that regions with expéace density enhancements in Higj. 3. Also, the spatially more
sure times smaller than 204 sec have limiting sensitivities abaugended SFRs like Scorpius, Centaurus, Lupus and Ophiuchus
0.03ctss!, but they amount to a small fraction of the whole&ertainly do contribute to the enhancement in these sky regions,
sky. Thus we adopted =0.03 ctss' as our PSPC count-ratebut it appears unlikely that they account for the whole feature
threshold, thereby reducing the total number of stars to 8 5@Xtending over more than 180f galactic longitude.
but avoiding the most serious bias for our analysis. Interpreting then the observed density enhancement as a co-
The magnitude limit of the Tycho catalog introduces a bidserent feature, we proceeded to fit the observed X-ray stellar
against dwarf stars of spectral type K and M. Such late type statsface density with a simple modBl + A exp(—|i|/\) con-
were not detected in the Tycho survey when located at distansisging of a background component with constant strergjth
greater tharn- 20 to 60 pc. Yet from systematic X-ray surveys oplus an exponential disc described by an amplitddend scale
such stars in the solar neighbourhood (Schmitt et al. 1995) fveight). The orientation of this disc model was allowed to vary
know that X-ray emission from such stars is very common, witind is hence described by an inclination angied an ascend-
X-ray luminosities easily reaching those typically observed fang nodel, with respect to galactic plane. For each choice of
dwarf stars of spectral type G and F. Clearly, X-ray emittingandiq, the stellar surface density was longitudinally averaged
dwarf stars of spectral type K and M are thus under-sampledaver 360 in 5° wide latitude intervals leading to a total number
the RASS - Tycheample with respect to earlier X-ray emittingdf 36 latitude bins. The resulting one-dimensional distribution
stars (F,G). This bias should not affect our investigation becawsas then fitted with our exponential disc model and best fit val-
it is position independent. ues (in ay? sense) of3, A and\ were computed. andl,, were
varied from 0 to 40° (0.5° step) and from Dto 360° (1° step)
respectively. In Fig. 1 we plot the variation f with inclina-
3. The large-scale distribution of X-ray active stars tion and ascending node. The minim@ is located far away
from the galactic equator at= 27.5° andi, = 282°. The 90%
confidence limit for the joint distribution ofandi, is defined
In Fig.[3 (see color plate) we show the surface density (in galdny thex?=x2,;,, +4.61 contour and results in aboutdnd 3
tic coordinates) of the 8 59BRASS - Tychastars using a count uncertainties on andiq, respectively.
rate thresholdS,;, =0.03 ctss!(see caption text for details).  How significant is the introduction of an exponential disc
Fig. [3 clearly demonstrates a gradual decrease in stellar sand its being different from the plane of the Galaxy ? Let us de-
face density from low to high galactic latitude; at the galactfine a model M1 “uniform background only” with one param-
poles the density of matched sources has decreased by 30% efighn (B), a model M2 “uniform background plus exponential

3.1. Gradient of star density towards the Galactic Pole



542 P. Guillout et al.: The large-scale distribution of X-ray active stars

S AN N VAR R S
o

o
N
/41

¢

%

290

o

N
0
o

\\\\u‘\\\\\\\}/\\‘\\

2 &
70y,
YO L-
8
\\\/Y\\\\‘\/V\\\\\A\S‘k‘\

Ascending node

270

Fig. 1. x? map isocontours resulting from an "Uni-
form background + exponential disc” fit to the ob-
served surface star density in areference system with
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disc fixed at the galactic plane” with 3 parametells A and a small number of young clusters, OB associations and SFRs,
A), and a model M3 “uniform background plus exponential disghich are, however, physically unrelated. An extensive review
with free position” with 5 parameterd3( A, A, i andlg). The of the GB system and its relation to the interstellar medium has
x? test statistic for the best fit model M3 ig},;,, =42.89 for been presented bydBpel (1997), who also provides references
31 degrees of freedom (dof). Alternatively, the best fit modtd the relevant previous studies. The present-day picture of GB
M2 hasy?,;,, =88.35 for 33 dof and, finally, the best fit modetonsists of a stellar component (population | stars with char-
M1, hasy?,,, = 185.46 for 35 dof. Obviously, the models M1lacteristic ages in the range 0x8L0" yrs, OB associations and
and M2 are statistically not acceptable, but we note that theung star clusters) located in a ring and associated interstellar
introduction of an exponential disc improves the fit considematter. Somewhat different values of~ 18° to 23) andlg,

ably. Letting the disc’s position float, does again improve tHe- 275 to 290°) are found depending on whether AOB-stars,
fit significantly. Following the procedure discussed by Eaddark clouds, open clusters, reflection nebulae are used to trace
etal. (1971), we compatF = ((88.35-42.89)/42.89))*(36-5) =to the GB system. At any rate, it is clear that the inclination
32.86, but rejection of the additional two parameters at the 95#d ascending node of our exponential disc, i227.5 + 1°

level would require < 4.16 which is obviously not the caseandi, =282 + 3° are extremely close to the literature values
Thus we are justified in introducing the model M3; its minimadnd in fact consistent with them. We emphasize here that our
x2.,=1.38 also provides an acceptable fit in a statistical sensalues have been derived completely independently without any
This is demonstrated in Fig. 2, where we plot the longitudinally priori knowledge of GB. Should we now interpret this close
averaged star counts vs. latitude for the best fit model M3. Wamerical coincidence simply as a conspiracy of Nature or are
thus conclude that the introduction of an exponential disc tiltede to identify our exponential disc with GB ?

with respect to the Galactic plane leads to a good description of 5q far GB was recognized as an ensemble of OB associa-
as a population of mostly F - G “field” stars which we pick up
preferentially in ouRASS - Tychsample. If one accepts the GB
as a site of large scale star formation in the Galaxy (as evidenced

More than one century ago astronomers noticed an asymméiyfhe young more massive stars tracing out the belt), there is
in the apparent distribution of the brightest stars on the sky wi@ reason to assume that no low-mass stars are formed in this
respect to galactic equator. The first detailed study of this dRfocess. And indeed, Wichmann et al. (1997) identified an en-
tribution led B. Gould (1879) to the conclusion that these brighginced fraction of lithium-rich stars atb18" adjacent to the
stars were distributed along a great circle crossing the Millky!Pus SFR which they interpret as young low-mass members
Way at an angle close to 20and subsequently this structure ha8f the GB in this particular region.

become known under the name "Gould belt” (GB). Althoughnu- Gas dynamic models of the neutral HI gas associated with
merous studies dealing with the distribution of bright stars, OBe GB system (cf., &pel 1997 for an overview) assume a
associations and young galactic clusters are consistent with @Bg-like structure expanding in a field of differential (galactic)
its existence as a physical entity is controversial, some authoygation with star formation taking place at the ring’s outskirts.
claiming that it could be due to a coincidental superposition @he ring’s present major and minor semiaxes-a&00 pc and

3.3. Is the exponential disc Gould'’s Belt ?
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Fig. 3. All sky distribution in galactic coordinates (Aitoff projection) of 85BASS - Tychstars at a PSPC count-rate thresh$k0.03 cts s *.

Each black dot is a match. Color codes the surface density on a logarithmic scale from 0.01 to PstBheepnsity enhancement at low
galactic latitude is clearly visible. Note the asymmetry with respect to the galactic equator. Our best fit to the density distribution using an
exponential disc model is indicated by the white full line while the dashed line indicates Gould belt. Black circles indicate young galactic
clusters and star forming regions that show up inRASS - Tycheample at this PSPC threshold.
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~ 300 pc respectively, the center of the ring and the expansi@VBF/DARA) and Max-Planck-Gesellschaft (MPG). P. G. acknow!-
is located in or near the Cas-Tau association, with the Sun beguges support from a CNRS-MPG cooperation. M.F. S. and R.N. ac-
about 140 pc off center. Given the range of X-ray luminositiggowledge supportfrom DFG. We are grateful to the Tycho Consortium
observed for active late type starsy(ke 10?7 ~ 3! ergs!) the for accessing the Tycho catalog in advance of publication
stellar X-ray horizon at the completeness level of the RASS
reaches out at most to 300 pc. Because of its geometry, the cjegferences
est parts of the GB are within 150 pc of the Sun, in range of o _ . )
the RASS - Tycheampling distance. This geometry could thuEadl'\i')r\:VHL'o‘Tlta?]'a 197 Btatistical Methods in Experimental Physics
explain the largest surface d_ensmes observed in the third . 1097, Hipparcos and Tycho Catalogues, ESA SP-1200
fourth quadrants, where the ring comes closest to the Sun, WI?:I ming, TA., etal., 1989, ApJ, 340, 1011.
the smallest densmes are observeql in the flrst and second qu&dliq B.A.. 1879, Uranometria Argentina, p.355
rants where the ring attains its maximum distance from the Swyjjjout, p., et al., 1996, A&A, 316, 89
Estimating photometric distances from the Tycho colotsuillout, P, et al., 1998, A&A, accepted
(Guillout et al. 1998) one finds characteristic distances Glillout, P., et al., 1998, in preparation
d~50-300 pc for the stars in the regions of enhanced surfadeeg, et al., 1997, A&A, 323, L57
density. Such a structure of slightly distant F - G main sequeriéigela, G., et al., 1993, ApJ, 412, 618
stars with V> 10 remains unnoticed at optical wavelengths dddotch, C., etal., 1997, ARA, 318, 111
to lack of contrast especially in crowded fields at low galactl¥eurauser, R., 1997, Science, 276, 1363 _
latitudes. At X-ray wavelengths the situation is completely difZ2PPe!, W., 1997, Fundamental of Cosmic Physics, Vol. 18
ferent. Because of the sharp decrease of X-ray activity with aighm'tt' J-HMM. etal., 1995, ApJ, 450, 392

. Bchmitt, J.H.M.M., 1997, A&A, 318, 215
stellar samples selected from X-ray surveys are greatly biaged, - 'c's etal 1981 Apd, 245, 163

tpwards young _stellar_popula_tions. Since the GB s_yg;tem is %Qes, W., 1997Data analysis in Astronomy, WSPC
lieved to comprise objects with ages60 - 80 Myrs, it is thus \yichmann, R., et al., 1997, A&A, 326, 211

quite natural that X-ray surveys should pick up low mass memickgraf, et al., 1997, A&ASS, 123, 103

ber stars of the GB system if they exist. Therefore the Gould belt

appears to be a possible explanation to account for the density

enhancement observed at low galactic latitude in RASS -

Tychosample.

4. Conclusions and perspectives

We have analyzed the large scale distribution of about 8 600 stel-
lar X-ray sources from the cross-correlation of the RASS with
the Tycho catalogue. A surface density gradient between low
and high galactic latitude regions expected from X-ray galactic
models clearly appears in our data. In addition a broad over-
density shows up at low galactic latitude most prominently to-
wards the third and fourth galactic quadrants. The observed sur-
face density can be — empirically — best described by a model
assuming a uniform background and an exponential disc. This
disc is tilted with respect to the galactic plane with an inclina-
tion and ascending node very close to those of the GB system.
We then propose to identify the observed density enhancement
with the GB system. If an expanding ring is responsible for the
formation of the GB, it should have triggered star formation ina
large scale propagating process. The low mass stars accounting
for the observed surface density excess could be the remaining
debris of this process, still shining brightly in X-rays. A more
detailed study of their characteristics such as distribution in dis-
tances, X-ray luminosity, proper motion is clearly needed to
draw unambiguous conclusions. If our hypothesis can be con-
firmed it will provide new evidence in favour of interpreting the
GB as a physical entity and for the occurrence of large-scale
triggered star formation in the Galaxy.
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