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1 Abstract

A] 18 Jun 2010

(D) © We want to estimate the distance to molecular clouds in thae giTinity in a statistically precise way. Clouds
are recognized as extinction discontinuities. The extincts estimated from theH — K) vs (J — H) diagram

O . and distances from a ¢ K)o vs M relation based on Hipparcos. The stellar sample of relevéorahe cloud

L . distance is confined by the FWHM of ti& /D, (pc) or of its derivative. The cloud distance is estimated from
fitting a function to the Ay, 1/731k) pairs in this sample with a function likarctanH’ (D, /D¢ioug) Where the
power p andDgjouq both are estimated. The fit follows th&\(, 1/7 31k )cloud data rather well. Formal standard
deviations less than a few times 10 pc seem obtainable impthiat cloud distances are estimated ongh@%
level. Such a precision allows estimates of the depths efdctmmplexes in some cases. As examples of our
results we present distances fa25 molecular clouds in Tablgl 2.

Keywords interstellar medium: molecular cloud distances
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2 Introduction

Distances to nearby molecular clouds are essential in mamtexts. The more precisely measured ones are
often based on dedicated medium band optical photometreletted stellar types in lines of sight in the
general direction of the cloud and its immediate surrougslirit is an advantage that the optical bands are so
sensitive to extinction but the same sensitivity of courss §mits on the amount of extinction that may be
penetrated.

All photometric systems are not equally suited for extimetpurposes since a density of sight lines as high
as possible is required to decrease selectitects and all systems are not equally useful for classifylihg a
stellar types. The Vilnius system seems a good choice facaptork because it permits accurate estimates
of intrinsic properties such as absolute magnitude andsd almost any kind of star. The Stromgrep-H
system may also be used but for a substantially narroweerahgpectral types and mainly for main sequence
stars. But it has the great advantage of being based on tineté frees-index.

After the Hipparcos parallaxes, Perryman et al. {[1998yehbecome available combinations with classifi-
cations from other sources have been used and resultingtandie- extinctions pairs that estimate the distance
to the less obscure parts of molecular clouds, Knude and He88j, Lombardi, Alves and Lada ([2006]).

Alternatively the parallax data already available may beglemented with new observations sensitive
to the extinction, e.g. polarization as used by Alves anch&wa[2006], [2007]) in investigations of Lupus
clouds and of the Pipe Nebula respectively. Polarizatiatha advantage that it may be estimated without any
knowledge of the target classification and is much more pefcimeasured than photometry.
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A limiting condition of the Hipparcos parallaxes is thatyhgertain to fairly bright stars measured in the
optical and consequently are confined to the low extinctimmspof the clouds and only may be used for clouds
in the immediate solar vicinity.

If a distance estimate to a cloud is requested photometggqigired for a substantial number of stars. Such
observations may be rather time consuming despite the tdyembrought about by CCD photometry. It would
therefore be convenient if a method exploiting availablesla} photometric data might be established. It only
requires that the photometry may be dereddened and thaetkddened colors may be calibrated in terms of
absolute magnitude.

Near infrared data may not be the obvious choice for extnatistimates but some sensitivity to reddening
is left and one benefits from the much better penetrating poiiie NIR data so the association of the data to
the molecular cloud is possibly better established thandhtie optical data. Infrared data have been widely
used to produce the projection of extinction on the sky irféie of impressive maps and less used for distance
determination, e.g. Lombardi, Lada and Alves ([2008]).

For each starget, distance and intrinsic colors shouldtresmehow and the combination of many sight
lines may provide a statistical estimate of the cloud distanAs we will notice in the following discussion
several regions known to contain molecular material do shovextinction discontinuity at some not very
precise distance. The cloud distance may be estimated bgythbut we have investigated some quantitative
statistical methods from which the distance intuitivelyyrba estimated — but these methods do not always work
in a satisfactory way. Even by limiting the study to the mastumate data, we can not be sure that the data are
statistically significant and statistics as the mean, medi@ndard deviatiom;a, /Ay versus distance may have
shortcomings so they do not immediately guarantee a repase observation of the dust distribution and in
particular they do not provide an estimate of the uncegtairfithe suggested distance. To meet the required
error assessment we suggest instead that some analyticdibfu is fitted to the data defining the extinction
jump and that the error may be estimated by the standardtabeviaom the distance fit. We propose that the
sample pertinent for a distance derivation may be extrafttad the variation of the line of sight density in
a consequential manner. If all stars used to define the jurilfy rere located at a well defined distance, the
uncertainty of the estimated cloud distance is on4ti6% level or better. Due to selectioffects, some of
which are introduced by limiting th@HK photometry tar;uk < 0.040 orojuk < 0.080, originating in the
way the sample used for fitting the variation of extinctiorthadistance is defined, the distance estimate may
not be robust. But we think that the way we extract this samgtem the variation of the average line of sight
density with distance — may be a good approximation to a tohethod. At least it is systematic and not based
on any personal judgement. Biases are introduced by thecideince of the main sequence and giant relations
in part of the H — K)o — (J — H)pa diagram. The absence of some stellar classes;&6— MO, with a certain
range of absolute magnitudes, causes the rise of extinatitndistance to be more shallow than expected
when a molecular cloud is encountered. This have consegsdacthe statistics and for the estimated cloud
distance but we suggest a way to include these stars afteratiaion of extinction with distance has been
computed from the stars earlier tha6 and later thar-M4.

The paper falls into four parts: In Sectibh 3 we consider way$ means to estima®joud + 0 pyy - We
present a discussion of about 25 cloud distances in Sefiand4he resulting distances are summarized in
Section[5, Tablg]2.

We have banished the gory details of the main sequence atadibrto Appendix[CA. The discussion of
which 2mass stars that may be used for estimatingndM; is deferred to AppendixB.

3 How to estimate the cloud distance? Serpens region as a tefape

In the following we consider various ways a cloud distancey @ estimated and present a procedure we
suggest to use with the calibrated 2mass photometry. Failslpts. refer to AppendiXx_B.
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3.1 Cloud distance estimate from A(mean), A,(median), o4, vS. distance

We confine the sample by the photometric precision, quaditywell as multiplicity flags and start by including
lines of sight outside the frayed cloud confinement. The $amjth counts less than the average count,
10Qreseau by definition, minus ome,,,nt May indicate cloud directions to a better degree but herehow s
the result independently of the reseau counts. Includinimes of sight is normally not justified but in the case
of Serpens A and B where the preselected solid angles matatidhds well it seems acceptable, see [Eig. 36
displaying the distribution of counts. The resulting distes and extinctions are in Fig.138,] 39 indicating a
steep rise td\y ~2.5 at distances between 160 and 200 pc.

Only 2mass data better thanyk < 0.040 has been used. The eye will probably estimate the distahce
to be somewhere between 150 and 200 pc. &at al. ([1996]) measure a distance 260 pc to this region.
The diagram, Fid. 39, shows a few auxiliary curves. The twshdd curves indicate the maximum measurable
extinction for the values 11.0 and 14.6 #r My, + 5 that may be traced by a M4V and a MOV star respectively
in a sample withlj, = 14.5 mag. We see that the late M4 — T dwarfs are well confinedubly & maximum
extinction curve. We also note that the group have a well ddfiminimum extinction in the distance range
from 200 to 400 pc at which distance the minimum extincti@rtstrising. The extinction discontinuity is well
defined by the data. The early and late groups suggest thattoms between-0 and~2.5 mag are present
in the distance range from60 to~400 pc. Within this box the potential K dwarfs are extractad the Figure
shows that these K dwarf candidates support the presenctoeatibn of the extinction discontinuity. The
median and mean the extinction are shown, computed for 20nscamd in 10 pc steps. Beyond about 400
pc the two values stay identicaka,/ VN — 1 whereoa, is the standard deviation and N the number of stars
in the distance bin is also indicated,, is computed in the same intervals as the mean and medianhiBor t
field the error of the mean seems to follow the rise of the medidinction. One might think of using some
combination ofra, andAy vs. distance to signify the onset of molecular extinctioad®an, Nordlund, Jones
([1997]) and the Lada et al. ([1994}),, vs. Ay variation). Between 600 and 1200 pc the median has a constant
slope implying a constant dust density beyond the SerpemsdGind with a known gg#dust ratio the average
line of sight number density of hydrogen may be determinee: tBe discussion in the next Section on how the
variation of the line of sight mean density may be used totitze cloud.

The Serpens 2by2 region may be particularly well behavetkdine both the mean and mediap starts
rising at 200 pc as doa,/ VN — 1. Itis, however, diicult to quantify the cloud distance and its uncertainty
from e.g. the median extinction’s variation. An averagelwf tistances where the median starts and stops
rising could possibly be used as the distance and half tliégrdnce as an indication of the uncertainty. As
Fig.[39 indicates the distance to the cloud is based on aktroups of stars implying that the relative error
on the individual stellar distances formally range freit0% to~40% with an overweight of the smaller ones.

3.2 Distance indications from other statistics

When approaching a molecular cloud the interstellar dgmgit jump up when the cloud is penetrated. When
the density increase is large enough over a short distamcimthease is reflected in a rise Ay despiteAy

is the integrated of the density along the line of sight. ldeorto cause a discontinuity the cloud extinction,
sampled over a short distance, must be comparable to ordXeeaxtinction accumulated along the line of
sight to the cloud. With enough data to form derivatives weaild@xpect the derivativéng /0D whereny
cm 2 is the average number density of atomic hydrogenRutke distance to show a dramatic increase over a
short distance rangey cnT2 is formed by converting\, to Ny with the canonical gas to dust ratio. Fig. 1(a)
shows the variation of the line of sight density of neutratitogen for the Serpens 2by2 region and a very
sharp increase is noticed @200 pc. The asymptotic value af; is ~1 atomcm™ fairly close the the mean
density of the dfuse interstellar medium in the solar vicinity. The constaantt of the tail results when the
clouds contribution to the average line of sight densityonees negligibel compared to the contribution from
the intercloud dfuse mediumNy(cloud)/D < ny(intercloud. Identical to the distance range where the slope
of Av(median becomes vitually constant. The (b) part of the same figutiedslerivative of the density with
respect to distance (in cm) and again we notice a chang2Qft pc. Part (c) of Fid.]1 is a zoom of the (b) frame
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Figure 1: Statistics for the Serpens 2by2 regita).Mean line of sight densitpy cni3. (b) The derivative of
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displaying the ffect of an increasing density over the distance range &80 to~210 pc. The (c) frame also
contains a sort of mean dispersief,/ VN — 1 pertaing to the 20 pc distance bins.

Early studies of the patchy structure of the ISM, assumiag tthe interstellar medium was constituted by
a single (or two) type(s) of interstellar cloud(s) floatimgain intercloud medium provided a detailed statistical
method to estimate the extincti@g in the characteristic cloud, Munch_([1852]). This metheduires a data
set of distance and extinction pairs, just what we get froaypttesent study. The characteristic cloud extinction
is given by the expressios = Ma/M1 — M1(1 + (AD/D)?/12). M is averageAy and M, equals the average
of A\Z, in a distance intervahD wide and centered on the distance D. Frame (d) of[Fig. 1 disglas simple
statistics. Thex expression is valid whem/D)?/12) is less than unity which is not quite the case for the
first distance bins. In these bins,, is large which together with the small average extincticaises thes
estimates. Beyond500 pcey becomes constant, settling arouftg=0.1 mag. Converting to a color excess
in theuvbys system the characteristic cloud reddening becos@640, the exact value depends on the choice
of Ry. Theegy ~0.04 is close to the values ranging from 0.025 to 0.045 cated|fromuvby3 photometry of
F stars within 150 pc, Knude ([1979c]). Measured reddenifgs”isolated” clouds were in the range from
~ 0.02t0~0.11, Knude ([1979a]). This coincidence is taken as evidéhat in a statistical sense our present
extinction and distance estimates imply results compartbihose obtained by independent methods.

Frame (d) of Figll further contains three peaks at 195, 385580 pc respectively which probably may
be taken as evidence for the presence of molecular cloudsasttfor the 195 and 335 peak’s part. That the
large gy values popping up in a few adjacent distance bins may inglittegt distance to a molecular cloud may
not be unexpected after all. WheA}/D)?/12) << 1 ey ~ My/M1 — My = criv/AV = op, X 0a,/Ay. And
according to Fig. 395, as well asrp, /Ay have local maxima a¢200 pc. The 335 pc peak may be an artefact
caused by a local minimum in the mediag and there is no local maxima ma, /Ay at this distance. The
oa,/Av minimum is possibly not real since stars at 335 pc whith= 3 — 4 is not measurable by our method:
the missing MO — M4 dwarfs (see the discussion of Eig. 38).

A well behaved discontinuity as the one in the 2by2 Serpegismexters several options for the distance
estimate: mean and medianA§, op,, the mean dispersiom,a,/ VN — 1, the mean line of sight density,
ony /0D, e or equivalentlyoa, X o, /Ay. Of theseny andany /0D display sharp peaks at what we interpret
as the cloud distance. The mean dispersioAphave a broader peak than the derivative of the mean line of
sight density. These estimators do not provide an immediatertainty on the distance but indicate a distance
range in which the cloud is located.

3.3 An algoritm fitting the extinction — distance variation at an extinction jump

Due to the rather few distance — extinction pairs that mastdfiave been available in the direction of a cloud
most studies of cloud distances suggest that the cloudhdistanay be estimated from the distance where the
increased extinction is first noticed and the location of tige is furthermore estimated by the eye. This would
of course be correct if the stellar distances were perfettt ovily negligibel errors. Other studies claim to have
a stellar density high enough to identify the backside ofekiinction rise as well as the front, Whittet et al.
([1997]) for the Chamaeleon Il cloud, and equivalates tleidldistance to the mean of these two distances
thus also implying an uncertainty of the distance estimate.

With the 2mass data we may often have an observed stellaityddrat is higher than otherwise have been
the case and we may consider a more quantitative approach.

The Ay vs. stellar distance diagram is characterized by a set of Btdront of the cloud measuring only
the extinction of the dfuse interstellar medium until the cloud is reached when ktiacion diplays a steep
rise over a short distance range.

The extinction rise shall be matched by a function stayignstant until it displays an almost vertical
growth. A horizontal and a vertical line have been used tamttess trends but in particular the vertical part
seems diicult to accomodate in a systematic and robust way. A critgsale is how far beyond the rise stars
can be included in the distance determination?

A function arctaniP(x) with 0 < x < 1 simulates a combination of a horizontal and a vertical tatber
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well. And yes, there may be other functions serving our psego Our choice is not completely arbitary as
judged from the standar deviations obtained. Its logaiithpnesentatiorarctanh(x) = 0.5 x Ioge1+X wherex

is short for%@’and p is a power introduced to emphasize either the vertical toeride horizontal one
whichever the least square procedure selects. In orderettheslogarithmic expression we must introduce a
maximum distance beyond which no stars are included in dodkeep the parameter= D, /Dmax l€ss than

unity. NOTE:Dnmaxis not the cloud distance but defines the sample used to ¢stidpgug < Dmax

A non trivial problem is, however, to define the sample to loduided in the fitting procedure. Itis a question
of how large distances can be included and still be pertifarthe cloud distance. Stars far behind the cloud
have the large cloud extinction plus a contribution from tiguse medium but should not enter the cloud
distance determination. As seen in Higl 39 the jump contséweral G6V-MOV stars that have a calibration
standard deviation of onlyu, ~0.1 mag equivalent to a distance uncertaialy)%, see Fid. 31. If the Serpens
2by2 cloud is at 200 pc we should include stars in the intefineath 180 to 220 pc. In order to exclude less
reddened stars probably beyond the cloud distance and clatling distant stars showing the extinctions in
the jump but not assisting assessing the cloud distance e anselection for the fit. For the selection we use
a curveAy vs arctanh"(%’;x) to set an upper distance for eadl. After some experimenting our choice is
p=4 since this value emphasize the shallow part of the datee that =4 is only used for selecting the cloud
sample when the cloud distance is derived from the curvaditii-o, also results. From the density variation
in the Serpens regioDmax becomes 250. The 250 pcis not a general upper limit for stahgded in the curve
fitting: In Fig.[2 we notice that the requiremefy (x) > arctanH‘(D ) excludes several staB, < 200 pc
with a low extinction.

A systematic definition of the fitting sample is required ahdidd be independent of any personal judge-
ment. Dmaxis determined from the variation of the line of sight averdgasityny or its derivativevs distance
and is formally defined as the maximum of the FWHM points. FenpBns-250 pc is the largest of the FWHM
distances. We confine the fitting sample to the stars thatlasercand more extincted than indicated by the
curve Ay (sample confinement arctanﬁ‘(m)

A procedure proposed to estimate the cloud distance:

¢ confine the cloud on the sky: contours from star counts or tlexage of thgH — K) color formed in
reseaus.H — K, is preferred to star counts since it appears to be more diydittked to the extinction. The
reseau is dynamically defined to have a radius implying 186ystseau on the average. The minimum cloud
H — Kies is estimated fronH — K e¢s vS. position diagrams as themaximum of the almost constant value of
H — K,es outside the cloud. Fid.]7 is an example where- K ¢s = 0.23 is evident as the maximum for lines of
sight b -12°. All lines of sight with a reseau average exceeding #hisaximum are accepted as pertaining to
the cloud.

e run codes on the contour sample extracting stars from theklvs J — H diagram: O— G6 (primary),
M4 —T (secondary), 8 — MO (tertiary) to estimatdJ — H)g and My and compute théD,, Ay(x)) pairs.

e bin distance range and ug®,, Av(x)) to computgD,(median, Ny (los, median)

e see ifny (los, mediar) or 6Ny /6D, (Mediar) displays a peak. Used)HmmaxOf theny or 6Ny /6D, (mediarn
variation with distance to confine the sample to be used fercilrve fitting: A(x) > arctanﬁ‘(m)
Note: in the selection-p4.

Ny is proportional to A/(x)/D,. Ny is computed from the median,An distance bins but if the density of
data points is not gficient for theny vs. DnegianVariation is replaced by the distribution of individual vas
(Av/D), from which~ Dewnmmax IS estimated.

o fit Ay(jump) = arctaan(m) to this sample. Qoud+ 0 pyeq @Nd P+ opis returned. The procedure used
for fitting Dgoug and p is an implementation of the nonlinear Marquardt-Léaayg algoritm. The algorithm
varies the parameters §d,q and p in search of the minimum in the sum of the squared relsidiiae iteration
stops when convergence is attained.

e the contourH — K;e5 cLoup defining the cloud perimeter and,fax are the two most critical parameters
and must be estimated with care




Ay mag

10 100 1000
Distance (pc)

Figure 2: The Serpens 2by?2 region with the fitaaedtankP(gc’l*d) function shown as the solid curve. The sample
used for the fit is overplotted with triangles. For refereacgcaled version afny /6D is shown. The dash —
dot curve illustrates a previous estimate of the intercldedsity, Knude {[1979b]). The Serpens 2by2 template

data are also treated in Agpl B HigJ] 39

As a template we use the Serpens data. The derivatiigg oD, variation with distance implieBmna,=250
pc. The sample are stars above the cukye= arctanﬁ‘(g—go). The fitting sample is shown in Figl 2 as the
combined squar@siangles. Then the fitting procedure is run. The convergemarmally takes place after
<10 iterations. For the Serpens 2by2 area the final distanoemesDo,q=193+:13 pc. The resulting fit is
shown in Fig[2 together within, /0D, there is a good coincidence between the resulting cloudrdie and
the location of thedny /0D) peak: the §ny /D) peak may be used to indicate the approximate cloud location
and not least provides the distance range in which the ckaiuated.

4 Examples of cloud distances

Considering the multitude of local interstellar clouds vawénto be selective and only consider a few examples,
~25, of cloud distance determination from thelK 2mass data. Most interesting among the local clouds are
the star forming molecular clouds since many of the parameteeded for understanding the importance of
the environment for the onset of the star formation depensgoome power of the distance. The distance is of
course also an important issue when model parameters erg.efvolutionary models of proto and PMS stars
are to be compared with observational data.

During the work with the proposed method a new opportunitycfiecking the suggested distances has
become available with the advent of the VI/BLA astrometric observations of PMS stars and masers ragult
in unprecedented parallaxes to targets probably assdd@mstar forming clouds.

4.1 The Taurus star forming region

The region covers a substantial part of the sky with longittethging from~154 to ~180C° and latitude from
-24 to the galactic plane. We have distributed 3 21° regions cowering the main features of the cloud as
indicated by CO intensity maps and compiled 2mass dataowitfx better than 0.080 mag. Taurus is of special
interest since its distance has been measured to 137 pcVkBW astrometry resulting in-one percentage
accuracy which is an order of magnitude better than what Bes bbtained previously, Torres et al._([2007]).
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The VLBA astrometry tracking the path on the sky resultingnirthe yearly and proper motion of naked T
Tauri stars in the cloud provides individual distances veithrecision better than 1 pc. Furthermore such a
precision allows the depth of the cloud to be no less thantad@pc. A mean distance of 137 pc corroborates
the 13910 pc deduced from approximate parallaxes based on prog@maoBertout and Genoval ([2006]).

Confining the sample by the photometric precision alone melyde lines of sight outside the frayed cloud
confinement. The sample with counts less than the averag#, cddireseau by definition, minus ome.gynt
may indicate proper cloud directions to a better degree. otiteome is shown in the middle panel of Hig. 3
indicating a steep rise tdy ~1.5 at distances between 100 and 120 pc. Extinctions exugg&dimag are
noticed for the same distance range. Another steep risditedat~170 pc increasing\, from ~1.5t0~3.0.
We can not decide whether this dual structure is due to thakdigon in depth of the Taurus complex or is
an dfect of the incompleteness of the tracing sample causingdbang appearance of the extinction variation
with distance as discussed in Hig] 38.

The upper panel of Fif] 3 is the extinction variation from enbination of all data in the 64 square degrees
from the 16 %2 0° areas without considering the cloud containment neitlen fthe reseau counts nor from a
lower (H — K)eseaulimit. A rather well defined peak in the average lines of sidésity has an upper FWFM
distance aDmax ~ 200 pc. The resulting fitting sample is marked as gray pomthé upper panel and from
the curve fit a distanc®yarus=127+2 pc is computed. The small dispersion is caused by the largeer
of stars in the sample. Notice that a substantial number arftiyelow extinction stars are not included in the
curve fitting. Also notice a number of stars=80 pc with extinction larger than 1 mag. These small distance
displaying large extinctions are possibly due to giantgakin for dwarfs.

In the central panel the sample is constrained to the statsreseaus with counts less tharcount- -
1X0 <count)- Dmax has now increased t©300 pc anD4yrus=162+15 pc is computed. The vertical dashed
line at 137 pc is the average of the VLBALBI paralaxes and the dispersiarl9 pc is an indication of the
depth of the Taurus complex from these precise data.

The lower panel is perhaps the most interesting one sincavérs the region where the three low mass
YSOs with VLBA/VLBI parallaxes are located. The data are now confined by titera: ;4 <0.040 mag
and(H — K)eseau> 0.20. Dmax = 250 pc, which comply to the formal definition &fnay, implies Drayrus =
147+10 pc. Reducingddmax With with 25 and 50 pc changes thi®r,,rus €stimate to 130 and 125 pc respec-
tivly without changing the standard deviation. We suggest+10 pc as representative and this distance is
furthermore only one sigma separated from the VLBA distarfcE37 pc.

The three dferent ways of selecting the data from which the fitting samyds selected result in three
different distance estimates for Taurus: £27162:15 and 14#£10 pc and illustrate the importance of being
systematic. The distance resulting from our procedure:187c is fortunately the one agreeing best to the
VLBA /VLBI parallax 137 pc.

4.2 Thep Ophiuchus star forming region

Similarly we have used the extinction map by Cambrésy (@1pfbr the p Ophiuchus complex of clouds to
define the solid angle confining the extinction associatad wOph. In this area we have extracted the 2mass
data witho;uk <0.080 mag. We may refine this sample by changing the area, atbvalue of the reseau
means. Fid.}l4(a) shows the combined area for which data &ected (dotted outline), The area covering the
core region, LDN 1688, and containing the two low mass YSOwse positions are marked by crosses, is
shown as the dashed confinement. The two squares in the soettiention indicate LDN 1672 (the southern
one) and LDN 1675 respectively. According to Cambrésy'priree extinction through the southern feature
does not reach the blocking extinction met in the cloud cokraay therefor suit our approach better — that
is if all the clouds are spatially associated. Fig. 4(b) shtwe resulting distance — extinction diagram. After
confining the sample to the most precise photometgyk < 0.040 mag and only using stars in reseaus where
the reseau mean exceeds 0.20 mag. The outlines inJFig. 4eajimed by stars witliH — K),.s mean values
between 0.20 and 0.24. FIg. 4(b) shows resulting extinstfon stars within 500 pc. The variation of; with
distance is not well defined, but it does indicBtgax ~230 pc, a value corroborated by the median extinction,
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Figure 3: Three dferent selections of a Taurus sample. Tdwer paneldisplays the outcome of the method
we suggest to usdJ pper panel Stellar sample withr;yk <0.080 mag distributed in 16X2 o° in Taurus.
Cloud fitting sample are the light gray pointdliddle panel stars in the 16 22 o° in Taurus within the
(<count>res - Ixocouny contour but includingr;yk <0.080. Lower panel Region containing the three low
mass YSOs HP Tau, Hubble 4, HDE 283572 for which VLBA astroynbas been performed. See Fig. 2 of
Loinard et al. ([2008]). The 13719 pc indicated in theniddle paneiis from Loinard et al. and the19 pc

is meant to i ndicate the possible depth of the complex ofddod helower paneldata ar for longitude range
[167°, 177] and latitude range [-16.8,-14.8], the region containimg T Tau stars with VLBAVLI parallaxes.
Only stars withojuk <0.040 mag and located in reseaus With- Kieseau> 0.20. With Dnax = 250 pc the
resulting fit isDtaurus= 14710 pc which we propose for the Taurus distance
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Figure 4: Ophiuchus. (a) Dotted boxes are the total are@lsedin 2mass. The perimeter is made up by the
stars withojuk < 0.080 mag andH — K,es € [ 0.20, 0.24]. The central dashed box confines tie5 o°
covering L1688, the dense core of th®ph complex and contains Oph S1 and DoAr 21 marked by the two
crosses. (b) Extinction - distance pairs for stars in res@édth H — K,¢5 > 0.20 mag and witlrjpk < 0.040
mag. The solid curve indicates the variation of the mediametion. The sample used for the curve fitting is
inscribed in diamonds. We note that the fitted distance spoeds to the distance where the median extinction
starts rising. (c) Same as for panel (b) but without any ie&ins onH — K,es. The dashed line at 120 pc
indicates the lower limit of the range 120 — 150 pc suggesielrude and Hagg [([1998]). (d) Extinction vs.
distance for the two south eastern boxes covering the Arcnlyi¢he clouds L1675 and L1672 (upper and
lower square in (a) respectively)

also shown in Fig.14(b), that stays constant immediatelyrioethe cloud. The constancy of the median sets
in at about the same distane@30 pc. Stars used for the distance estimate are inscribdidrimond symbols.
The estimated distance for the stars insideHhe K;es = 0.20 mag contour becomé, oph = 1336 pc. The
distance to the core region is shown in Ki. 4(c) and here @edi apply aH — K¢s criterion — not needed
anyway because any reseau does have a high nti¢anK) value. The distance estimate does not change
Dpn 1688 = 134+3 pc. Finally Fig[4(d) shows the extinction jump in the s@uthextension, often called the
arc, and both théd — K;e5 > 0.20 and therj;nk < 0.040 mag criterion are applied. The solid curve is the
median for the complete cloud complex and the distance of LBR2 and LDN 1675 is compatible witil33

pc. We propose accordingly that the distance togtl@ph star forming complex is 13® pc not accounting
for the depth of the complex.

With the advent of VLBA astrometry of loiinedian mass YSOs to a precision of a mere few percent the
derivation of distances to nearby star forming clouds selerhsve entered a new era. Loinard et al._([2008])
measured parallaxes for the two such systems, S1 and Do#r2DQN 1688 and found a resulting distance
they refer to as the cloud distance: Igg)pc. A similar distance, 1156 pc, was suggested by Lombardi, Lada
and Alves ([2008]) from a maximum likelyhood study of a pleseed sample. In a study of the distribution
and motion of the gas in the Ophiuchi cloud from high resolution spectroscopy of Himear stars Snow,
Destree and Welty[(J2008]) find a most likely distance to thasé molecular cloud 128 pc and that the more
diffuse component is distributed betweehl0 and~150 pc. Knude and Hgg ([1908]) proposedi20 pc as
the distance to the Ophiuchus region and suggested 150 pcugpar limit to the complex of clouds.
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4.3 The LDN 204 and LDN 1228 filaments

These two filaments host four isolated cloud cores, Chapmdmvaundy ([2009]). Examples of cores with no
YSOs (LDN 204) and with 7 YSO candidates (LDN 1228). The twarfients are rather nearby 32% and
200+50 pc as quoted by Chapman and Mundy and may thus be withih ifabe JHK-photometry. Since
there are three ffierent YSO classes in LDN 1228, Class Il and earlier, a moreiggalistance estimate could
be useful for calibrations of PMS models.

4.3.1 The LDN 204 filament

The LDN 204 filament is an interesting feature because it#teand is silhoutted against the extended Hll
region powered by Ophat a distance of only 140 pc and3° away from LDN 204. The filament displays a
most regular polarization pattern and is thus a good catelidaud for studying the influence of the magnetic
field on possible star formation. Part of the filament is ideld in an extention of the c2d study of molecular
cloud cores as a specimen of the cores presently not acfarshing stars, Chapman and Mundy ([2009]). We
might have included this cloud under theD ph heading since it could be part of the Ophiuchus complex of
clouds as indicated by the extinction map in Lombardi et fg0@8]) and it bears a certain similarity to the
appearance of Lupus I, Fig. 9.

The cloud outline and the extinction vs. distance may be seEiy.[5. Several other clouds than LDN 204
appear in panel (a). We have assumed them to be spatiallyiaiszh

The resulting distance is found as %&3pc identical to the distance suggested for the centrabslauthe
Ophiuchus complex. So from the distance point of view LDN 204 its nearest string of cloud companions
seem to belong to the Ophiuchus group of clouds.

4.3.2 The LDN 1228 filament

Chapman and Mundy[([2009]) cite a distance 280 pc for this filament. Conelly, Reipurth and Tokunaga
([2008)) prefer a distance 175 pc from the compilation of LBiskances by Hilton and Lahulla ([1995]) formed
as an average of two literature values 150, 200 pc. The filaisdmown to contain HH objects within its
confinement. We have taken the nominal position ( I=0)111.66,+20.22) and extracted the 2mass stars
within a 4x4 o° area for further study. Figufe 6 (a) displays stars wijhx < 0.060 mag anti — K;es> 0.19.
The HH 199 and HH 200 positions are also shown. Note that-flag criterion has been relaxed somewhat to
have enough stars for the distance estimate.

After applying the arctanh fit on the stars wibh,ax= 400 pc the LDN 1228 distance is estimated to 235
pc. The precion is inferior to the one for the LDN 204 distabaeis none the less on thel0% level.

Chapman and Mundyl[([2009]) present model parameters forY®0 candidates. If a change of distance
from 200 to 235 pc applies luminosities go up440%. NOTE that Chapman and Mundy ([2009]) also suggest
a variation of the MIR extinction law; most pronounced in gassible outflow regions but we have used our
standard law despite this fact. This may be justified by thative shallowness of the 2mass data not probing
all the way to the PMS stars.

4.4 LDN 1622 and 1634 near Orion

The Orion giant complex requires a study by itself and is noluided in the present work. We just report our
results for directions towards the two isolated cometaoyds LDN 1622, (I, b= (204.7, -11.8), and LDN
1634, (I, b)= (207.6, -23.0") both actively forming stars and possibly associated tatien complex.

4.4.1 LDN 1622,1621,1617, and 1624

We have previously reported a distance estimate based ibnatatl Tycho-2 photometry and Michigan classi-
fication, Knude et al. [[2002]). In this region there is anigadion that the first dust is met somewhere between
160 and 200 pc. The use of the combination of Hipparcos andhilyio classification, Fig. 6 — 7 of Knude
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Figure 5: LDN 204, which does not host star formation. (aysStdth o;nkx <0.080 mag andi — K5 greater
than 0.22, 0.23 and 0.24 respectively. LDN 204 is the cureadufe at the diagrams center. (b) Extinction
- distance pairs for stars in reseaus With- Kes > 0.22 mag and witlr;uk < 0.040 mag. The solid curve
indicates the arctanh fit to the sample confinediyx = 250 pc andD| pn 204 = 1335 pc
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Figure 6: LDN 1228. (a) Collection of stars withyyk <0.060 mag andH — K,es greater than 0.19. The lower
left plus sign indicates the location of HH 200 IRS and thearpmht is HH 199 both of which happens to be
located at the nominal center of LDN 1228. (b) Extinctionstdihce pairs for stars in reseaus With- Keg >
0.19 mag and witla-;4k < 0.060 mag. The solid curve indicates the arctanh fit to theolaoonfined byDmax
=400 pc.DipnN 1228 = 235+23 pc
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et al. ([2002]), presents a complex picture of the distidubf extinction with distance: we see extinction
discontinuities at approximately 160, 250 and 400 pc dejpgnan the angular separation from the center of
LDN 1622. Due to the spatial incompleteness of the paraligalog these distances, apart from the smallest
one, may be due to selectioffect. The latter, however, comply with the canonically ategrion complex
distance.

We have extracted 2mass data from200° area withojuk <0.080. We have choséft — K5 > 0.23 to
represent a sight line with extinction relevant for LDN 16Zis choice is corroborated by panel (b) of Fi. 7
where we have plottetl — K¢ vs. latititude. Below -12 H — K, is fairly constant and stays below0.23
mag which accordingly is taken to represent the maximumevedlid for lines of sight outside the clouds. A
relative zero level so to say. At-1#he maximunH — K,esrises dramatically. Panel (b) also displays- K es
values found at the nominal latitude of LDN 1622, 1621, 164d 4624 in rising order. The declining run of
the maximumH - K,es may indicate that we are moving from the head of a cometarydobat in its tail. Note,
however, that this igot the usual orientation of the cometary tail. See Fig. 1 of Refpet al. ([2008]) where
LDN 1622’s tail is~perpendicular to the LDN 1622 LDN 1617 connection. Paneklews the distribution
on the sky of reseaus witH — K;es > 0.23 mag. We note that LDN 1622, 1621 and 1617 are located) éten
axis of the cloud.

The cloud sample is constrained ryyk <0.040 andH — K,es > 0.23. There are too few stars to use the
ideal procedure so we are obliged to use the distributiondif/idual values ofA, /D, and we accepDmax =
350 from this distribution. The curve fitting returi pn 1622 = 233:28 pc for the 131 stars used in the fit.
The number of stars showing the extinction discontinuite$s than 20 as panel (c) shows. These numbers are
quite interesting considering that the 2mass extractiors@ach contains more than 32000 stars. Assuming
that the cloud outline in panel (a) is due to a single stra;tdB3 pc may apparently also apply to LDN 1621,
1624andto LDN 1617. That LDN 1622 and LDN 1617 should be associateldag/ever, contested by\4 sr
difference>5 knys, Reipurth et al. [([2008]).

Panel (c) does show a group of four stars between 170 and 28@oping an extinctiom»1 mag perhaps
corroborating the 160 — 200 pc estimate from Knude etlal. 0220 One of the Hipparcos stars, HD 39572, with
a measured distance of ];% and classified as B9 is marked with a triangle in panel (a) end\ssuming that
it is a main sequence star implidg ~0.1 mag. It is in other words noffacted by the LDN 1622 extinction.
The stars position in panel (a) is inside the cloud demamato it may in fact provide a lower distance limit
since it is unreddened.

4.4.2 LDN 1634

LDN 1634 may resemple LDN 1622 since it is located outsideBiiard Loop and like LDN 1622 contains a
number of young stellar objects. In a study of these Y SOslagidautflows Bally et al. [[2009]) have estimated
the clouds spatial location and its implications for itdamce from the Sun from the influx of radiation required
to keep its rim ionized. This ionization distance is in accaith the canonical Orion distance of 400 pc. The
mass following from a 400 pc distance implies a star fornmaéiiciency of~3% in LDN 1634. Fig[[8 shows
the 2mass data used for our discussion. Panel (B)4Kes vs. longitude and support our choice of 0.15 mag
as the lower reseau limit for the cloud lines of sight as avider| > 208. The distribution on the sky appears
from panel (a) where we also indicate the location of the damped for the distance fit. Contrary to LDN
1622 LDN 1634 has a very frayed appearence. The line of siglannextinction Ay/D, magpc, has a clear
peak but is probably influenced by the presence of matterstindily different distances (only three stars in
fact). Dmax = 425 pc is accepted and the fit retuiDgpn 1634 = 26620 pc. The fitted curve is shown in the (c)
panel of Fig[8. We have also extracted stars with Hipparenallaxes from the total area in panel (a) and for
those with a Michigan classification we estimate the colaess. The variation of extinction with distance for
these stars closer than 450 pc is shown as triangles in pgndWo stars at-250 pc in fact have an extinction
Ay ~1 mag. So we may possibly maintain that some material disgagxtinction exceeding what is expected
from the difuse ISM is found at 250 — 266 pc. A visual inspection of Elg. & men suggest a distane200

pc. This short distance estimates are significantffedint from the detailed "ionization” distane&00 pc to

14



<H-K>,, > [0.23, 0241 mag

o)

202

13,0 128 120 1 1o
b

233+28

LDN 1622 field. oyy<0.04 mag. <H-K»,,,>023 mag

Figure 7: The LDN 1622 area. (a) Collection of stars withyx <0.040 mag andH — K¢ greater than 0.23.
We have indicated the nominal centers of the Lynds dark daoside theH — K,¢s = 0.23 mag confinement.
The triangle indicates the location of HD 39572, an unreddeB9 star located at 1&@2 pc as measured by
Hipparcos. (b) This frame shows the variationtbf- K¢ with latitude including stars with-j4x <0.080 and

is used for estimating the lower limit for the cloud confinemkE — K,.s = 0.23 mag. The vertical markers
show the sequence LDN 1622, 1621, 1617 and 1624 (left to)rigb) Extinction - distance pairs for stars in
reseaus withd — K¢ > 0.23 mag and witlrjuk < 0.040 mag. The triangle locates HD 39572 having assumed
that its a MS star. The solid curve indicates the arctanBfign1622 = 23328 pc to the sample confined by

Dmax = 350 pC

15



LDN 1634 found by Bally et al. ([2009]).

4.5 The Lupus Region

The Lupus clouds have a complex distribution on the sky anglmaoverlapping. We are therefore in need of
a good confining procedure. As the maps by Cambrésy ([199@)v optical star counts are useful to locate
clouds but the reseau average ldf{£ K) may be even better.

Lupus | — Lupus VI (Cambrésy(([1999]), form a complex cougria large region of the sky10 x ~15
o°. The outline of the complex in integratééC O intensities,Ax extinction and optical extinctions are given
by Tachihara et al. [([2001]), Lombardi et al. ([2008]) anchttaésy ([1998]) respectively.

The angular extent of the clouds alone suggests that thelegropuld be rather nearby. That is if the
individual clouds are physically connected. Most oftensthelouds are understood as constituting a single
spatial structure. If this is the case a single distanceiegppb all constituents. A small well defined isolated
cloud may of course have its distance given by a single numbdlere extended features may be expected
to have a depth comparable to their size on the sky. For Lugasmould mean a depth of approximately
2x140xtan( V10x 15/2) = 30 pc. The 30 pc also indicates the demands on the accuratye @stimated
cloud distance. Similar ffierences may accordingly be expected between individualdctiistances. In a
detailed study of the kinematics of PMS stars in the Lupusogission Makarov ([2007]) demonstrated that
the distribution of star formation during the pas25 Myr has had a depth of more thar80 pc. Roughly
identical to the linear projection on the sky. The depth efltipus complex has also resulted from a maximum
likelyhood analysis of photometric and astrometric datatifie Ophiuchus and Lupus regions, Lombardi et
al. (J2008]). Suggesting a thickness of Lupus ot%lpc. The thickness likelyhood of the Lupus complex
indicates that the depth may extend to somewhat beyond 200 pc

With a proper distribution of stars in ths, vs distanceplane or rather in thél — K vs J - H diagram we
may obtain accuracies on the cloud distances from the cutiregfon the+10 pc level and may accordingly
distinguish a cloud at150 pc from one at200 pc.

Apart from Lupus V the Lupus clouds have an elongated, fildaxgrappearence and are separated by
regions with low or almost no extinction. Lupus | and Il seanbe isolated from each other and from the 4
other clouds by low extinction space, e.g. Cambrésy ([D9%iInce the latitude of the complex is in the range
fromb ~ 4° to b ~ 18 we may expect to have a high but varying stellar density ananag have enough
stars to confine the distance interval for the curve fittimagrfrthe variation of the distance averaged density
ny and its derivativeéSny /6D, . Generally we confine the discussion to stars wighyx <0.040 mag. The size
of the outliningH — K,e¢s values vary from cloud to cloud partly caused by the latitvaiege but also by the
extinctions in the various clouds. We identify the loweritiof H — K5 pertaining to the cloud sight lines
from diagrams oH — K5 vs. one of the celestial coordinates, see e.g.[Fig. [[lor 8e Mhait the extinctions
we discuss are belowy ~4.5 mag. Due to the limitations of our procedure we are nat édbimeasure such
large extinctions as the one given for the outer contAyry 8 mag, in the discussion of Lupus Il by Teixeira
et al. ([2005]).

45.1 Lupusl

Fig.[9 shows how the perimeter of Lupus I, as defined by theageef — K) color, changes its appearence
when the lower limit is varied from 0.15 to 0.18 whereas thpegpence only changes marginally when the
limit is raised to 0.19 or 0.20. A comparison of Hig. 9 to theicgd or infrared extinction maps shows a good
agreement, even for minute details. As several other darkdsl Lupus | has low extinction arcs protruding
from its main body.

One could imagine that thdistance vsAy diagrams would depend on the photometric etrgfk. But
applying samples withr;x=0.08 ando-34k=0.04 respectively demonstrates that this may not necgsbari
the case for Lupus I. An eye fit of the cloud distance woulddaté 100 — 150 pc in both cases. The extinction
rise is clearly defined by the sample in reseaus With K¢ >0.20 ando-jyk < 0.040. Confining the sample
by these limitations and witlD4,=250 pc in thearctantP(Dy/Dgioug) fit we obtainD, yp =144+11 pc as
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Figure 8: The LDN 1634 area. (a) Collection of stars withyx <0.040 mag andH — K,es greater than 0.15
from a 4x4 o° centered on (I, b¥ (207.6, -23.0°). Diamonds is the sample used for the distance fit. (b) This
frame shows the variation ¢f — K¢ with longitude including stars with-;yk <0.080. The vertical marker
shows the longitude of LDN 1634. (c) Extinction - distancérpéor stars in reseaus witH — K;qs > 0.15
mag and withr-jyk < 0.040 mag. The solid curve indicates the arctanBDifjti1634 = 266+20 pc to the sample
confined byDmax = 425 pc. The points inscribed in diamonds is the sample usethéodistance fit. Open
triangles are the resulting extinction — distances vanator stars with Hipparcos parallaxes present in the area
shown in panel (a) and for which spectral and luminosity vesalable in the literature. Their extinctions are
estimated independently from 2mass data.
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Figure 9: Lupus | region with an almost perfect match to théicap extinction map by Cambrésy.
H — Kies >0.15, 0.18, 0.19 and 0.20 mag given. The triangular featutieedower left is Lupus IID yp | =
144+11 pc

plotted in Fig.[10. In their March 10, 2008 c2d synthesis opls Merin et al. [[2008]) quote 1%Q0,
suggested by Comeron ([2008]) in his review of the Lupuserm as a reasonable Lupus | distance.

4.5.2 Lupusll

Lupus Il is included in the lower left part of Fif] 9 where itpgars as an isolated feature between Lupus |
and Lupus Il - Lupus IV. We have previously attempted toraate its distance, Knude and Nielsen ([2001]),
from V and | photometry. The — |) distance estimate was rather large, 360 pc, but was caatdubto some
extent by Hipparcos data for four stars, 353 pc, with a netgirecision of 30%. Since the extent of the cloud is
small we include stars withrjuk < 0.060 and the cloud outline is again definedHby Kes> 0.20 mag. The
distance fitted becomes 1913 pc. Significantly larger thaDypys 1= 144+11 pc but smaller than th&/(- 1)
estimate.

4.5.3 Lupusll

The projection of Lupus 11l shows this cloud to be one of th@anicomponents of the Lupus complex and on
Cambrésy’s extinction map Lupus Il appears as an appendixe apparently coherent feature consisting of
Lupus IV, V and VI. The densest cores of Lupus lll, forming tire@lge head of the filament protruding from
the Lupus V and VI combination, was discussed by Teixeird €[2005]) in a study of the physical parameters
of the clumps with star forming activity and those withoute \ivide the Lupus Il region in the three subareas
A, B and C indicated in Fidg._11. The subarea C contains theartiration of newly formed stars. The distance
to this region is particularly important for estimating aareters used to study the star forming process.

It turns out that Lupus Il as outlined by optical extinctibp Cambrésy does not have a unique distiance.
The extinction contours appear to be a projection of two sagmed clouds. The estimate of the A area is
Diup i, = 205t5 pc compared t®, yp 111, = 155+3 pc. The small C area covering the dense cores of
Lupus Il contains fewer stars partly because the area iff amdpartly due to the larger extinction of the dense
core but as Fid. 12 shows we probably do have enough stafdsdfalistance estimate. The curve fitting returns
the estimatd yp 1. = 230£21 pc in concord wittD yp 111, but significantly diterent fromD yp 1115. The
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Figure 10: Lupus | region. Stars withyyk < 0.040 mag and inside thd — K,¢s = 0.15 perimeter
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Figure 11: Distribution of théd — K,es > 0.18, 0.20, 0.25, 0.30 and 0.35 reseaus. The A, B, and C boxes f
which stellar distances and extinctions are estimatedhaers. The C-box corresponds to the region studied
by Teixeira et al. ([2005])
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Figure 12: Lupus llI-C regioniazgpp € [24175,24275] anddpo0 € [—39.5,-39.0]. Sample limited by
H — Kyes > 0.18 mag and only including stars wittyyk < 0.040 mag.D yp 111_¢c = 230£21 pc

Drup 11, distance is similar to the estimate for Lupus Il of 33B pc. LUP |11 andLUP |1l are probably
parts of the same physical structure loca#®0 pc behind the more extended P 111 . The distance dierence

is significant on the 3 — 5 sigma level and the distance estsnaftthe A-C and the B features have a releative
precision<5%. Merin et al. ([2008]) quote 2820 again as suggested by Comerén ([2008]) as a reasonable
Lupus Il distance consistent with our Lupusalland lllc estimates.

4.5.4 LupusIV

Fig.[13 displays fivéd — Kescontours of this cloud roughly correspondingfg ~ 0.5, 1, 2, 3, and 3.5. Fig. 114
is showing distances and extinctions for stars withinkthe K;es = 0.20 contour. A comparison of Fig. 113 to
Fig.[33 and Fid._34, displaying th¢ — K,.s andcountes variation of~ the same region of the sky, demonstrates
the better capability of the reseau colors to bring out tleidtlperimeter. The Lupus IV data permij and
ény /6D to be estimated so the sharp definition of the sample usedhidaturve fitting applies. The resulting
cloud distance from the fiD_yp v = 162+5 pc. Lupus IV is also included in the c2d synthesis, Merialet
([2008]), where a Lupus IV distance 15R0 is quoted.

455 LupusV

The projection of Lupus V is large;’%4° or more and Lupus Il appears as an appendix to this cloud. jarma
part of the cloud is shown in the upper panel of Figl 15. Thedteighanel of this figure shows a problem
encountered whebn,,x is established from the variation of the line of sight densihd does not display a
sharp peak followed by a shallow droff as expected from the template of Higj. 1(a) but a only shallmfilp
without the peak. The full width distance from a shallow geofivould imply too large an estimate &fax
again implying too large a cloud distance. A possible imetgtion of the density profile valid for the Lupus V
area is that this cloud does not have a sharp spatial lochtibmay possess a substantial depth smoothing the
density peaks. Instead we estimégax from the derivative of the density or as a slightlyffdirent approach
from the derivative of the median extinction. This latteridative is also shown in the figure. The shape of
the two derivatives happens to be rather similar in fact.n\ilif,5x from the half width of the derivatives the
fitted distance to Lupus V becomes ¥2 pc. Interestingly Lupus I, Lupus IV and Lupus V are at identical
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distances. The nearest part of Lupus Il is located at theisypdistance wittD p . at 155:3 whereas Lupus
Il o and Lupus lIt are are found beyond 200 pc. Our estimated distances supgéestupus Ik, Lupus IV
and Lupus V are at a common distance~d60 pc. Estimating the angular diameter of the Lupus, INV and
V combination to~5°, e.g. from Cambrésy’s optical extinction map the projecteze on the sky is-14 pc
comparable to the uncertainyl1 pc in the distance fit. Apparently these clouds do not maka sheet like
feature.

Using the derivative of median extinction? Returning to the shallow distribution of the line of sightsage
density distribution we mentioned it possibly could be ealiby a spread of Lupus V along the line of sight
which somehow contradicts the common distance of Lupys IV and V. An extinction is of course the
integrated ffect of scattering and absorption along a sight line and mestketated to the intregral of the
particle number density along this sight line. If we assuha the median extinction is representative of this
integrated particle distribution its derivative will regzent a particle density — sort of an on the spot density
contrary to the smooth average line of sight density. Froendérivative of the median extinction shown in
Fig.[I8 we may possibly state that the corresponding denaitiation might be gaussian. We thus assume
that our extracted sample probes a "feature” with a gaussisnmber density distribution. This "feature” is
perhaps not to be perceived as a spatial structure sincwac#on of 2mass data with distance estimate does
not probe the most dense parts of a cloud. If we assume it @ddcat 162 pc and the density distribution
has a standard deviation like the uncertaistyl pc. With these parameters the "feature” may mimic Lupus
V. After integrating the gaussian distribution and assugrtimat the density outside the "feature” equals the
constant intercloud density the extinction, when scaldti¢aange noticed for the median extinction, becomes
as indicated in the bottom panel of Fig.]15. With the assumamgsgjan density distribution the expected
extinction follows the rise of the median extinction withii0 pc. We are not quite sure how the result of this
small calculation should be interpreted because a singtewa@aussian does not quite agree with the shallow
variation of the average line of sight density.

4.5.6 LupusVI

Lupus VI is another example where the line of sight averagesitie does not display as sharp a peak as
expected. lIts shallow profile is evident from Hig] 16 and ageé use the derivative of either the density or
of the median extinction. In Cambrésy’s extinction map dleasest parts of Lupus VI seem to continue into
Lupus IV and this is reflected in the similarity of the Lupus distance 17210 pc that does not fier from

the 1625 pc estimated for Lupus IV. Fi§. 116 is a display of the Lupusddta, the sample used for fitting
a distance to the extinction jump and curves showing theatian of the median density and its derivative.
The curve overplotted the median extinction has the ICMeslapd may show the variation of the extinction
originating in the intercloud medium beyond Lupus VI.

4.6 The Depth of the Lupus Complex

The debate on the proper distance to the complex of the Luplisipus VI clouds may be caused by measure-
ments in components that havefdient distances and in particular the more shallow phatb@emeasure-
ments (e.g. Hipparcos and/by3) may possibly not pertain to the molecular component bubéoshells and
sheets located in the solar vicinity.

We have collected our distance estimates in[Eig). 17 togettikrthe distance errors from the curve fitting.
Apart from Lupus |, llg, V all clouds are significantly more distant the canonicatatice 140 — 150 pc. In-
cluding the 8 cloud components of Fig]17 the maximum cloyisaion is Lupugpth ~86+24 pc. Excluding
Lupus llic the depth narrows to Lupggm ~ 60+12 pc. The estimated depth is accordingly about three times
the projected size26 pc at 140 pc.

A simple mean of the eight distances becomestB/g8c where the 3 pc is the error of the mean. At 173
pc the projected width becomes2 pc still less than the extent along the line of sight. Inaent review of
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Figure 13: H — K contours of Lupus IV defined bid — K;es > 0.16, 0.20, 0.25, 0.30, 0.35 mag inside the
respective outlines. The boundary correspond approxiyntédy, > 0.5, 1.1, 1.9, 2.7, 3.5 mag. This diagram
may be compared to Figs.]33 dnd 34 where contours given byesigau counts are shown. The three eastern
most clumps witiH — K¢ > 0.30 are discernible in Fig. B4
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Figure 14: Ay vs D diagram for the Lupus IV cloud shown in the previous figurebiarily scaled curves
showingny, ény /6Dpin, ICM together with the curve fitted to the extinction jump. I@stars in reseaus with
H — K,es exceeding 0.20 mag. Resulting cloud distance+B@c
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Figure 15: LUPUS VU pperpanelarea for which 2mass data withyyk < 0.040 have been extracted. Outer
contour corresponds td — K;es = 0.20, the next to 0.025 and the innermost to 0.30. fiddle panelis the

Ay vs D diagram complemented with some statistics. The lower thinecis an arbitrarily scaled display
of 6ny/6Dpin used to estimat®max. The lower smooth curve is the mean line of sight densitytiantiiy
scaled. The median extinction is also shown and the dashedlierplotted the median represents the ICM
variation. Only stars in reseaus with— K,¢s exceeding 0.20 mag equivalentAg >1.9 mag. Resulting cloud
distance 16211 pc is based on stars witltyyk < 0.040 and located in reseaus whete- K;qs > 0.20. The
bottompanekhows the comparison of the median extinction and the eiimecesulting from a cloud with a
gaussian density distribution centered®rpy=162 pc and witlo=11 pc
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Figure 16: LUPUS VIU pperpanekhows area for which 2mass data withyk < 0.040 have been extracted.
Outer contour corresponds b — K;es = 0.25, the next to 0.030. THewerpanelis the Ay vs D diagram.
The lower smooth curve is a scaled line of sight density. Bisel thin curve is an arbitrarily scaled display
of 6ny /6Dpin Used to estimat®max. The median extinction is also shown and the dashed linegototerd the
median represents the ICM variation. Only stars in reseatlisiv— K ¢5 exceeding 0.250 mag equivalent to
Av 21.9 mag. Resulting cloud distance 22M pc is based on stars wittyyk < 0.040 and located in reseaus
whereH — Kes > 0.25
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Figure 17: Resulting distances for the Lupus I-VI cloudshwvétrors indicated for the individual cloud com-
ponents. Lupus IV and V have identical distance estimatesLaipus Il is made up of components at two
significantly diferent distances. The dotted lines indicate the reason&ilnde ranges for Lupus I, IV and
Lupus Il suggested by Comer6n ([2008]) and the ranges+4%5®d 2098 pc respectively, are the meearror

of the mean distance that we suggest for the nearby and reyraip of clouds

the Lupus complex Comer6ri (J2008]) concludes that Lupuwd! & is at 156:20 pc, Lupus Il at 20820 pc.
From our results in Fidg. 17 we notice that yp ;=144+11 pc is compatible with a distance of 150 pc and that
DLup v=162+5 pc seems to be marginally larger than 150. But for Lupusnly éhe A and C components,
see Figl IR, with distances 265 pc and 23@21 pc are at200 pc whereas the B component is-460 pc.

Taking Lupus |, lIk, IV, V, VI as a common feature and Lupus II, Allll c as a separate structure the first
group has a mean distance #3#9and the second 288 pc consistent with the suggestion from Comerén’s
([2008]) review. Perhaps the two groups should not be censitlas spatially connected?

According to Tachihara et al. ([2001]) Lupus Il displaye tlargest velocity dispersion of the Lupus | — VI
clouds indicating a possible distribution along the linesight.

4.7 The Chamaeleon Clouds

For the Chamaeleon clouds, Luhman et al. ([2008]), quot@sptdor the Cha | distance. In Luhman ([2008])
the best Cha | distance estimate is adopted to be in the r&®Qje 165 pc. The Cha Il estimate is given as
178+18 pc adopted from Whittet et all ([1997]) and is marginadigger than the Cha | distance. No estimates
are given for Cha Il in the review by Luhman_([2008]). In theiudy of nearby molecular clouds, Knude and
Hag ([1998]), detect the first indications of an extinctiomp in the Chamaeleon region reachihg < 1 mag

at a distance:150 pc based on about 10 stars. This distance seems consiggtethe 160 — 165 pc quoted by
Luhman ([2008]). For the discussion of the Chamaeleonnlist&stimates the data and results are given in the
panels of Fig_18.

4.8 A 3x31° region comprising Chamaeleon |

Being rather nearby and accomodating active, star formatith a model median age2 Myr, Cha | is a well
suited cloud to search for low mass starsa and brown dwdtisagsessing their disks, Luhman et al. ([2008]),
Luhman and Muench[([2008]). Membership of the Cha | star fogwlusters was based on three criteria of
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Figure 18: Data and distance estimates for the three Chaoraelouds. In the frame to the lower right we have
combined the data for the three clouds with a resulting dégt@timatddchamaeleor=194+9 pc. Apart from the
lower left panel the panels contain the photometric datalldiitied circles) from Whittet, Prusti, Franco et al.
([1997]) measured for Cha | and Chal ll

which distance is just one. Distance in the sense that a daedmust be placed above the main sequence
when shifted to the distance (and extinction) of Cha I. Theiocontours corresponding kb — K es= 0.2 mag
is similar to the contours given in Fig. 1 of Luhman and Mue({2008]). From the variation oy jos With
distance we estimatBhax and the arctanh fit returlBch, | = 196+13 pc. Data and fit are given in Fig.]18
together with Whittet et al.'s[([1997]) estimate of 160 po.tthe Cha | frame of Fig._18 the filled black circles
indicate Whittet, Prusti and Franco, et al.'s data (|19%rl they are seen to follow our data closely. The 160
pc line appears as a lower distance limit to the jump rathean thfit. Changing the Cha | distance from 160 to
193 pc will mcreaséogL with 0.4 and as a consequence reduce the age estimate totncakeal to Taurus
(1 Myr), Fig. 11 of Luhman [ ([2008]). If the larger distanceaiscepted it influences our understanding of the
disk life times. The two distance estimateffel only on the 2 sigma level.

The filled circles of the Cha | and Il panels of Figl 18 indictite data from Whittet et al. [([1997]) and
we notice that the largest extinctions pertaining to thegdatls within the distance range of the stars we have
used for our curve fitting. The less extincted stars of Whétel. follow the ICM curve very well.

4.9 A 2x21° region centered on Chamaeleon Ii

Chamaeleon Il is a nearby star forming cloud and Porrasedgen, Allen et al. [([2007]) presented Spitzer
IRAC data for parts of Chamaeleon Il whe#¢ > 2 mag. We have drawn the 2mass data for a simikdt 2°
box region centered om, p) = (303,-14°) and witho;yk < 0.080 mag.

Whittet, Prusti, Franco et al.[([1997]) present the photinimelistance to Chamaeleon Il as %788 pc
whereas Knude and Had ([1998]) suggest 150 pc for the gr€ht@mmaeleon region.

In the 22 O° we extract stars located in reseaus Whh— K),eseay> 0.2 mag. We apply the variation of
the line of sight average density to define the stellar samngdel for fitting the arctanh function. The resulting
distance is estimated ©ch, ;| = 209+18 pc and is shown in Fi@. 18 together with data used by Wtettet.
([1997]) for their distance 178 pc. The 178 pc almost appeara lower distance limit for our cloud sample
and coincides witlD ;-0 tit = 191 pc when we recall that in the optical gooda individualtphwetric distances
have a precision in the range 20% - 30%.

26



4.10 The Chamaeleon Il cloud

For the sake of completeness the Chamaeleon Il cloud isded moreover because its distance has not been
discussed to the same detail as the Cha | and Cha Il distaAigefm the cloud is confined by — Kes= 0.20

mag but now witho-jyk < 0.040. We estimate the distanceDgns 1) = 217+12 pc. There is, however, a
strange lack of stars between 250 and 350 pc s@thgs peak may be artificially narrow. Considering the
standard deviation of the stellar distances the eye wouwlaily locate the cloud at 200 pc but with the cloud
fitting sample based oby,x=350 pc from theAy /D, variation the fitted distances becomes slightly larger.

Since the three distances HAB, 20918 and 21#12 pc respectively, are identical within the errors we
combine the data withrjk < 0.040 andH — K5 > 0.20 for all three clouds. The common distance becomes
194+9 pc which is shown in the lower right panel of Hig] 18. In thémpl we also notice how well the minimum
extinction beyond the cloud distance follows thé&whe intercloud extinctionAy = 0.008 magl00 pc from
Knude ([1979Db]), and this includes the optical data from ¥¢hiet al. ([1997]) as well.

411 DC300.2-16.9

This cloud, or infrared cirrus, is located between Cha | ahd @l and Whittet et al. [[1997]) assumes it is
at the same distance as the Chamaeleon complex of cledd$, pc. A more recent multi-wavelength study
of this cloud, Nehmé et al.[([2008]), argues that the claidgsociated to the T Tauri star T Cha and that its
distance accordingly is as small as the stellar distancemdre 70 pc. The area inside the contblr K es >

0.2 mag is less than one square degree and the sample is tbtosatlaw a good distance determination. The
tail of this cometary cloud, Nehmé et al[_([2008]), extesdseral degrees towards the south and has a most
patchyH — Kgg distribution with 3 — 4 apparently denser concentratiofisve relax the density requirement
to H — Kes > 0.16 mag which includes the concentrations in the tail as Wwale stars withAy > 1 mag and
distances between 90 and 140 pc define an uprise of extindger than 150 pc. Their average distance is
118+24 pc and the average extinction amounté&yo= 1.3+0.3 mag. This is by no means conclusive but may
indicate that DC300.2-16.9 is on the nearer side of the tiite@maeleon clouds. From an extensivdys
survey of the general Chamaeleon region Corradi, Franc&ande ([1997]) found evidence for a dusty sheet
between 100 and 150 pc which may contain the infrared cir@3(D.2-16.9.

4.12 The Musca cloud

The Musca cloud is located oni4 degrees closer to the galactic plane than Chamaeleon thagdave been
formed together with the Chamaeleon clouds, Corradi, Framtl Knude {[2004]), making its distance inter-
esting to know. From stars in reseaus with- K5 exceeding 0.20 mag and witlynk < 0.040 the resulting
distance is 17418 pc slighly less than the three Chamaeleon clouds, butlyndyone sigma dlierence.

4.13 The Southern Coalsack

Despite the Coalsack lacks star forming activity but doegaia dense globules its distance may be interesting.
Estimates of the Coalsack distance range from 150 to 200¢ware summarized by Andersson et al. ([2004]).
Its location close to the galactic plane assures a highastdiénsity for the extraction of usable data. We
extracted data witlrjuk < 0.04 mag in 9 box regions with centers located along the at€rcontour of 2

K km st and sides ranging from 22%0 3.C°. Their location and size are given in Table 1. From the distan
variation of the average densityla,ax IS assigned to each sub-region and distances are estimatsel iange
from 140 to 220 pc for the separate fields and they are giveteTatogether with their standard deviations.
The distances are estimated on &% level. When all the data are combined the fitting procedeturns
Dcoaisack= 174+4 pc. The unphysical goodness of the fit is due to the large pumibavailable data points.
Unphysical because the distance separation between tranti21 pc valid for the closest and remotest cloud
(in our extraction) seems significant. With an angular dieemef 15 the estimated projected size is about 45
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Table 1: Distance to nine individual regions in the South@oalsack and the distance, 4 pc, from the

combined data

Region Size long. | lat. | Deloud | 9 Deoug

’ X1 ° ° pc pc
I 90x90 | 304.5| +0.5 140 7
Il 100x100 | 301.5| +0.5 190 15
Iy 100x100 | 303.0| -1.0 208 12
Il 100x100 | 303.0| +1.0 203 11
i 100x100 | 304.5| -1.5 213 10
v 90x90 | 301.5| -2.5 175 12
\Y 120x120 | 299.5| -4.0 221 13
Vi 120x120 | 306.0| -4.0 209 15
Vi 120x120 | 306.0| -1.5 160 13
Combined 174 4

pc. There has been a discussion, based on sparse data tidnggher the Coalsack consisted of two clouds,
see Andersson et al.[([2004]). Whether there are two or motels is corroboated by the depth noticed in the
few regions we studied.

Fig.[19 shows the median extinction calculated in 20 pc wide With a 50% overlap with their neighours.
The 174 pcfitis also shown together with the range of distadegplayed by the individual regions. Behind the
extinction jump is shown the variation from thefdise intercloud medium shifted by 0.5 mag. The coincidence
with the median extinction may support the presence of a eigbnd the Coalsack or it may not since a
~magnitude limited sample will fail to measure distant deciseids.

It is, however, interesting to compare the variation of tredlian extinction of the Coalsack to the one we
derived for Lupus V, Fid._15 where the intercloud slope seapmicable immediately behind Lupus V. For the
Coalsack on the other hand the intercloud slope only fits teeiam of the combined date300 pc beyond the
assigned distance of 174 pc and it starts at a median extine.3 mag below the peak. This may possibly
be taken as anfiect of a somewhat patchy density distribution in the Co&lsatleast in the data we have
extracted, and a distribution of clouds along the sight line

4.14 The Circinus molecular cloud complex

The Circinus region, composed by several dark clouds, weaeched foHa emission stars by Mikami and
Ogura ([1994]) suggesting concentrations of emission diiaes at the outlines of the clouds DCId 318.8-4.4
and DCId 316.9-3.8 that have the largest galactic longgu@mmpared to other molecular clouds the Circinus
clouds appear much more frayed. An appearance ascribed tmthbined ffect of the outflows of previous
and ongoing star formation, Bally et al._([1999]). No dedkchdtorts to estimate the Circinus clouds distance
were found in the literature but from the Neckel and Klafe9gd]) catalog Bally et al. [([1999]) quote an
extinction increase téy ~0.5 at~170 pc and a second jump to more than 2 mag between 600 and 900 pc
Fig.[20 we have plotted Neckel and Klare’s stars fronfa35 region centered on the Circinus cloud together
with our results. Distances and extinctions of Neckel arar&$ stars are mostly based on a MK classification.
We have extracted the 2mass data for fi¥e If regions covering the apparently densest parts of the comple
Confining the sample to stars located in reseaus With K,c5 exceeding 0.35 mag and withyyk < 0.040
mag we end up with the diagram shown in Figl 20. Bally et al99F€l) discuss the location of the complex
within 170 and 900 pc. We note that the 'wall’ at 170 pc alsoespp in our data beyond200 pc but also that
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Figure 19: The Southern Coalsack. The solid curve shows #dian extinction in 20 pc wide distance bins
resulting from the combined Coalsack data. The verticatidoie indicates the distance resulting from the
curve fitting and the horizonthal line the range of cloudatises in the nine individual fields. The dashed line
is the expected variation caused by thfdie intercloud medium shifted by 0.5 mag.

an extinction rise appears on the near side of 600 - 900 padasted by aAy ~0.5 mag shift in the run of the
intercloud ISM, indicated by the shift of the line labelleé@iM in Fig.[20. The curve fitting suggests a distance
436+29 pc somewhat smaller than the 700 pc adopted by Bally etigl[2B further indicates that the lower
envelope follows the general ICM slope but also that a shifthe lower envelope may take place~&800 pc.
436 pc is almost within the factor of 1.5 suggested as thertaiogy on the previously suggested distance of
700 pc, Bally et al. ([1999]). Reducing the cloud distancd36 pc will reduce mass, linear momentum and
kinetic energy estimates by a facted.4 whereas dimensions and dynamical ages will be smallebty. The
reduction of linear dimensions will reduce the size of adl thutflows tog1 pc. More interestingly perhaps, the
star formation #iciency given by Bally et al. will be increased by/0.4 implyingns re=3-20% counting only
the four most massive stars anglre=12.5-50% including the sources of all ten outflows. Thefieiencies
are rather high, the upper limits (20 — 50%) almost at thel ke for star forming cores, which may be right
since the Circinus clouds may be remnants left after interstiar formation. According to McKee and Ostriker
([2007]) the star formationficiency is~5% averaged over the lifetime of a cloud.

4.14.1 DC 314.8-05.1. Anisolated globule or associated teetCircinus complex?

DC 314.8-05.1 is only removed a few degrees from the Circommplex and may be an example of a small
isolated molecular cloud showing significant extinction mossibly without star formation. A particular reason
for discussing this cloud is that it , Whittet ([2007]), hadlistance estimate revised froal75 pc to 34250

pc. Due to its minor size and large extinction optical estesaf distance and extinction may provéiduilt.

The 342-50 pc suggested by Whittet is based on reflection on the dawkl@f the light from an "associated” B
star and a larger than standard valu®e£4.25 possibly justified by grain growth in dense environrearithe
globule. The stellar distances we use are all based on awathreddening law. The 170 pc distance estimate
is again based on the catalog by Neckel and Klare ([19808)Fsg. 7 of Whittet where an extinction rise is
noticed at about 200 pc, as was the case for the Circinusregiml a second jump at about 700 pc. From 2mass
we extracted stars within &%1° region centered on the globule. The extinction — distanta ae only based
on lines of sight withH — K¢5 exceeding 0.2 and;yk < 0.04. The interpretation of the resulting extinction
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Figure 20: CircinusAy vs D diagram for a~50° region composed by>8l0° areas covering the denser parts
of the Circinus complex, e.g. théa emission stars in DCld 318.8-4.4 and DCld 316.9-3.8. Forgamson we
show the filled dots representing distance(MK) #g(MK) from Neckel and Klare ([1980]) in a larger &5°
region centered on the Circinus cloud. Only stars With K5 exceeding 0.35 mag and withyyk < 0.040

are included in this diagram. For comparison Whittet's (IZ]) distance to the nearby globule DC314-05 based
on a distance estimate of HD 130079 is indicated with a crb8d2pc. See separate discussion of this other
cloud but with only a one sigmaftierence between the Circinus and DC314-05 distances DC3tétfld be
physically associated to the Circinus complex?
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Figure 21:Ay vs D diagram for a 1x1° region centered on DC 314-05. Only stars with- Ke5 exceeding
0.2 andojuk < 0.040. Dpc 31404 = 610£25 pc. Whittet's ([200]7]) distance based on HD 130079, that i
reflected on DC 314.8-05.1, amounts to 288 pc

— distance diagram of Fig. 21 is not simple since there arieations of two jumps and we may not be certain
whether the apparent absence of stars between these twe isimgal or is caused by leaving out the MO — M4
dwarfs. If caused by the selectioffect the distant jump should be neglected. The first jump iIFat32 pc

and a second one at 6425 pc. There is no sign of the rise at 170 pc in Neckel and Kdatata, which is based
on a single star anyway. Whittet suggests fRat4.25 for DC 314.8-05.1 and since we have been using the
standard reddening law the use of a larger valuBpfmplies a shorter distance than our suggested:322

pc. Comparing the DC 314.8-05.1 distance 832 pc from the literature to what we suggest for the Circinus
complex 43629 pc it may not be possible to maintain that DC 314.8-05.&dtated and not associated to the
nearby Circinus complex. To corroborate this possibiltyimdicated Whittet’s distance determination for DC
314.8-05.1 in the Circinus extinction — distance diagraig, Q.

4.15 I1C5146. A more distant cluster and cloud

Extinction and molecular gas in a dark cloud near the clu€le5146 was discussed in a seminal paper by
Lada et al. ([1994]) and the cloud structure was investijatanore detail by a deeper H, K survey suggesting
extinctions aboveé\y ~20 mag, Lada, Alves and Lada ([1999]). The distances to thedchnd cluster, which
can not be assumed to be identiegbriori, are of some interest since the molecular filament studieldaiola

et al. shows arp, vs. Ay variation and that the volume density fall§ tike r=2 over scale lengths in the range
0.07 - 0.4 pc assuming a distance o460 pc. Thera, vs. Ay variation was shown to be a consequence of
the volume density variatior r—2 and not a result of the supersonic tubulence model propogdhtioan,
Jones and Nordlund ([1987]). The young cluster IC 5146 éostamultitude oH, emission stars, Herbig and
Dahm ([2002]). Despite an angular separatich3 on the sky, see Fil. 22, it has been assumed that filament
and cluster are at the same distance. The filament distarsérateasumed te:400 pc by Lada et al.[([1994])
mainly due to a lack of foreground stars to the filament. Ind_atal. ([1999]) the estimate was changed to
460 pc with a one sigma range from 400 to 500 pc. These essnaateabout half the distance estimated to
the cluster IC 5146. Herbig and Dahm_([2002]) adopt what tteegn a compromise distance to the cluster
of 1.2 kpc from estimates ranging from 0.9 to 1.4 kpc and cquateuncertainty-180 pc coming exclusively
from the uncertainty of théMy, calibration of the three B8, B9 stars used to locate\Mthes (V — I)g locus
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Figure 22: IC 5146. Projection dffl — K;es = 0.21, 0.26, 0.31 and 0.34 mag respectively for the two areas
searched for stars that may be used for the distance estimib&plus sign indicates the position of the IC
5146 cluster. The filament approximately centered at 47.5 anda in the range from 326 to 327s the
cloud discussed by Lada et al. ([1994]). Note that the amga@paration between this filament and the IC 5146
cluster is about 13

pertaining to the Pleiades and thought to represent the 46 &iain sequence as well. Harvey et &l. ([2008])
use a similar technique on B type stars projected on thestlasta and evaluate a new photometric distance by
replacing the Schmidt-Kaler ZAMS by a newer luminosity bedtion with data from thg1 Myr Orion Nebula
Cluster which recently had a precise VLBA distance deteatiim. Seven B-type stars are available, two were
discarded on the grounds that they gave distances in the 800 pc range. Five late B-type stars provide an
average distance module 9.89 mag with a standard error Cag8mmplying the estimate 95@3 pc for the IC
5146 cluster.

We have extracted 2mass data for the area shown inHig. 22saadhe reseau mean éf ¢ K) to indicate
the extinction contours. In order to have enough stars forélseau mean values we use stars withx <0.1
mag somewhat larger than our preferred choice of 0.04 mag.l@Th146 cluster position is indicated by the
plus sign. From the mean color contours it is not obvious tiraicloud filament and the cluster are parts of a
coherent dust structure. Only a minor changéiof K5 from 0.20 to 0.21 breaks the color bridge from the
cloud to the cluster. For the northern filament we extragsstath oy <0.05 mag andd — K¢ >0.26 and
ao000 < 327.5°. Distance-extinction pairs included for the curve fittirayl a limiting distancé a4 of 1000
pc. There are too few stars to define the distance range oikthretion rise from the variation of the mean
density vs. distance. From F[g.]23 we notice how well the losveelope is represented by the increase caused
by the difuse "intercloud” medium. The filament distance resultimgnfrthe fit is 60365 pc corresponding
to a~10% accuracy. The suggested distance to the cloud filamenughly 2 above the distance range
400-500 proposed by Lada et al. ([1999]). The scale length wiingfe from 0.0#0.4 pc to 0.090.5 pc.
Mass estimates will increase almost by a factor 0~2.7) if the increased distance estimate of 603 pc is
accepted.

The area used to study the IC 5146 cluster regiorbgs > 327.5° and is confined to 0.26 H — K5 <0.36.
The upper confinement is chosen to avoid the inner parts ofltister region where dust modifications may
haven taken place and the colors may be influenced by warmedission. Figl’24 shows the extinction vs.
distance digramme for the "outer” parts of the cluster regibhe fitting sample was limited bpmax = 1200
pc, increasinddmax to 1300 pc did not change the estimated distance-Z68 pc. The relative distance error
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Figure 23: IC 5146, northern filamen#y vs D diagram from a 1.3x1.3 region centered on the part of
the IC 5146 clouds studied by Lada et al._([1994]) where the Eéxtinction estimate was introduced. Only
stars withH — K5 exceeding 0.26, witbhrjk < 0.050 andw,pgp < 327.5° are included in the distance fit. A

distance of 60268 pc results
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Figure 24: IC 5146 clusterAy vs D diagram from a 1.3<1.3 region containing the IC 5146 cluster. Only
stars withH — K,¢s exceeding 0.26 but less than 0.36 and withyk < 0.050 are included. The upper limit
is introduced to avoid the cental parts of the cluster @apdx < 0.050 are included. Only stars witbpggg >
3275° included. The distance of 76412 pc results from fitting tharctani’ (D /Dgiouq)
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is now gone up to 14% - really not bad for a feature possiblatied at~0.75 kpc.

The distance discrepancy between the northern dark cloddhencluster remains but is narrowed from
460-1200 pc to 603-766 pc. Thefdirence of our estimates is significant on th&3igma level. Taken at their
face value and with a separation of LtBe filamentary cloud and the cluster will be separatee:b§3 pc and
may accordingly not be physically related. Conversely ldgaret al. ([2008]) use circumstantial evidence to
argue that cloud and cluster are at similar distances.

4.16 The Corona Australis Cloud

Compared to other star forming clouds Corona Australis mais@ated location a+ 18> below the galactic
plane and may have another formation history than most mtaeclouds, Neuhauser and Forbrich ([2008]).
We have previously estimated the distance to the CoronardlissCloud, Knude and Hgg[ ([1998]), using
Hipparcos parallaxes and color excesses including staténag® from (I, b) = (360.0, -20) and noticed a
marked rise in the color excess-at70 pc present in-15 stars with an estimate8l, range from 0.1 to 1.0
mag. In their isodensity maps of the local bubble Lalleméat.(J2003]) indicate a location of the CrA cloud
at~120 pc. Three late B-type stars are close to the projectigdhenfienser parts of the cloud and Neuhauser
and Forbrich ([2008]) suggest their Hipparcos parallaxesafweighted mean 130 pc as the Corona Australis
distance.

We have extracted 2mass data for this cloud withk < 0.040 and limit the study to stars with — K¢ >0.15.
The extraction with 0.18 H — K,es <0.16 is shown in Fid. 25 and is in fact a rather good repretientaf the
optical extinction map from Cambrésy ([1999]). WEhax = 250 pc the resulting distan@-ra= 148+13 pc.
Fig.[23 also contains our previous estimate of 170 pc dirdotim the Hipparcos parallaxes and the location
130 pc recently suggested. The three stars on which the 1@Btamce is based display a low extinction and
follow the general trend based on the 2mass data but is ppssilerestimating the distance. Their relevance
for the Corona Australis distance originates from the faat they are likely to be CrA members.

4.17 LDN 1450, HH 7 - 11 or NGC 1333 in the Perseus Cloud

The dark cloud associated with the reflection nebula NGC 18&3s a number of pre main sequence stars,
some even of the earliest classes 0 afiddtcording to several authors, e.g. Chen, Launhardt amuhiHe
(J2009]), Winston, Megeath, Wolk et al/ ([2009]). Ages oéfle PMS stars range from 1 to 10 Myr with most
objects being younger than 3 Myr. LDN 1450 appears to be &sdcto a complex of dark clouds reaching all
the way to IC 348 — the Perseus Cloud. We have extracted 2rats$rdm a 44 0° area centered o, p) =
(158.3, -20.5). We only include stars located in a reseau with- K;es > 0.20 mag andrjpk < 0.040 mag.
The distribution of lines of sight for which a distance — agtion pair could be computed is shown in Figl 26(a)
and the pairs displayed in the (c) panel together with theltiag estimate of the cloud distan@a pn 1450 =
21312 pc. Dmax = 350 pc because the average line of sight density shows a wsithe distribution implying
the large value oDy There exist an earlier estimate of the LDN 1/MGC 1333 distance from Vilnius
photometry in an area comparable to the one studied prgs€etinis ([1990]). The Vilnius data are given
for comparison in Fig._26(b) and as smaller triangles in t)epanel. The distance proposed from the Vilnius
data is 22@20 pc and results from a weighting scheme including the nesabte stars witidy, < 0.7 mag and
the nearest ones withy > 1.5 mag. The agreement between the present estimate of 24i3dpihe Vilnius
estimate of 220 pc is certainly acceptable.

The distance to a group of masers associated to SVS 13 in NGTHES recently been obtained from multi
epoch VLBI interferometry and is reported as 238 pc, Hirota et al. ([2008]). Chen, Launhardt and Henning
([2009)) prefer a distance 350 pc for consistency with therditure but reduction of the distance with a factor
223350 might influence the deduction of the protostar pararaeted the separation of the components of the
binary protostar in SVS 13 B subcore, as discussed in Sedtbof Chen, Launhardt and Henning ([2009]).
Knowing precise linear dimensions in a cloud is of courseomhes relevance for the discussion of rotational
and orbital energies.
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Figure 25: In theupper framethe Corona Australis cloud when confined byyk < 0.040 and 0.1&

H - Kes <0.16. The darkest points indicate the denser reseaus WithK,es >0.20. Thelower panel
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4.18 The California Molecular Cloud

The cloud containing NGC 1333 is part of the complex of clomdsied the Perseus Cloud. It has recently been
realized that the sky close to the Perseus and Taurus-Acoiggplexes contains a major molecular, coherent
cloud, Lada, Lombardi and Alved ([2009]). The location hagr known to contain a string of Lynds dark
clouds. The new cloud is termed the California Molecularu@dland with a distance 4823 pc suggested by
Lada, Lombardi and Alves it aspires to be a giant moleculangex of a~10*> My, mass and a linear extent
of ~80 pc.

In their derivation of the distance 450 pc Lada, Lombardd Atves ([2009]) quotes previous photometric
distance estimates to dust layers at distances 125 and 30 pc3EKIof ([1959]) but suggest that these layers
may not be associated with the California Molecular Clouli(®) but rather have their origin in Taurus-Auriga
and Perseus complexes&t40 and~250 pc and thus falls short of the 450 pc.

The results from EKI6f [[1959]) are based on blue and redqajraphic photometry and spectral classifica-
tion from Schmidt plates of 1800 stars in the Auriga region.

We estimate distances 14¥0 and 21312 pc for Taurus and Perseus respectively, see Table 2. SMce
may rival the Orion giant molecular clouds as the most masdivud within 0.5 kpc its distance is of interest
and it is included in the present study. Higl 27(a) shows titnes of the cloud indicated by reseaus with
H — Kres > 0.23 and 0.28 (smalls) respectively. The large diamonds of panel (a) displayidbation of the
two strings of Lynds dark clouds and also the location of NGCZA(2). Panel (b) is the resulting variation of
extinction with distance for the same two samples. FromHheKes > 0.23 maggjnk < 0.040 mag sample
with Dmax=500 pc from FWHM of theAy /D, variation. The distance of CMC becomes 23(oc.

A closer inspection of Fig,_27(b) reveals an apparent alessefictars betweer200 and~300 pc and
with Ay ranging from about 1 to about 2 so it appears that there iswddblyer in front of the CMC proper.
Assuming that this layer is connected to the Perseus clodchanto the CMC layer we may correct for its
influence on the distance estimate by removing the starsiifieel in a way similar to identifying the sample
used to estimat®ngc 1333 = Dperseus= 213 pc by usingdDmax = 350 pc and remove these stars, supposed to
belong to a Perseus layer of clouds, from Hhe K;es > 0.23 magojnk < 0.040 magDma=500 pc sample.
The CMC estimate is thus raised to 3&pc shown in Fig. 27(b) as the thin solid curve.

CMC is an example of a cloud where we may overestimate the auwibM4 — T tracers because we
mistake O — G6 extincted by more than 6 — 3 mag for less reddatetype dwarfs. We have therefore tried to
exclude the M4 — T stars from thé — K;es > 0.23 magojnk < 0.040 magdmax=500 pc sampleDepc how
becomes 3284 pc as shown in Fid. 27(c).

We suggest accordingly thBic v is between 3385 pc and 3623 pc or roughly 100 pc less than estimated
by Lada, Lombardi, and Alves ([2009]). Interestingly thistdnce range is within the distance limits suggested
by Eklof ([1959]) for the second cloud layer in his Aurigangey, 300 — 380 pc. The smaller distance will cause
a decrease of the linear extent460 pc and of the mass tal0"*73 M,,.

5 Summary of distances to~25 local clouds

Table[2 summarizes distances to the clouds we have condidépart from DC300.2-16.9 where afliu
cient number of stars were not available all distances amadard deviations result from th, estimate =
arctani’(D/Dgloug) fitting procedure. In the Table we have indicated that thep&®s cloud was used as a
template for developing our method.
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Figure 27: The California Molecular Cloud. (a) Collectiohgtars withojnk <0.040 mag anH — Kes
greater than 0.23. Small diamonds are stars located inugsdathH — K5 greater than 0.28. Large diamonds
indicate Lynds dark clouds and the triangle marks the mrsif NGC 1579. (b) Resulting extinction — distance
pairs from theH — K;es > 0.23 magojnk < 0.040 sampleDmax= 500 impliesDcuc = 330+5 pc (thick solid
curve). The dashed curve correspondDi@scizasperseus = 213t12 pc, see Fid.26. The thin solid curve,
Dcme = 362+3 pc, results when thd#Perseus layer stars’'with Diax = 350 pc are excluded from the distance
estimate. (c) Extinction - distance pairs for stars in rasegithH — K¢ > 0.23 mag and witlr;qx < 0.040
mag without the M4 — T stars. The solid curve indicarsyc = 328+4 pc. Again the small diamonds show
theH — K¢ greater than 0.28
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Table 2: Hipparcg@2mass distance estimates to nearby clouds

Name DcLoup | = ocLoup
pc pc
Serpens (template) 193 +13
Taurus 147 +10
Ophiuchus 133 +6
LDN 204 133 +6
LDN 1228 235 +23
LDN 1622 233 +28
LDN 1634 266 +20
Lupus | 144 +11
Lupus Il 191 +13
Lupus Illa 205 +5
Lupus lllg 155 +3
Lupus llic 230 +21
Lupus IV 162 +5
Lupus V 162 +11
Lupus VI 173 +10
Chamaeleon | 196 +13
Chamaeleon II 209 +18
Chamaeleon I 217 +12
Chamaeleon;; 194 +9
DC300.2-16.9 118:: +24
Musca 171 +18
Southern Coalsack 174 +4
Circinus 436 +29
DC314.8-05.1ump 372: +52
DC314.8-05.3ump 610: +25
IC 5146 0rthern filament 603: +68
IC 5146, uster 766: +112
Corona Australis 148 +13
LDN 1459 or NGC 1333 213 +12
— part of the Perseus cloud
California Molecular Cloud| 330 +5
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A The (J-K)o— M, calibration of the main sequence

A.1 The calibration sample

To have intrinsic colors we are obliged to use nearby, preslyrunreddened, stars from the Hipparcos Cat-
aloque, Perryman et al.[ ([1997]). To obtain a precise caiiin we use stars with > 0.010", assumed to
imply virtually no reddening, and with a relative error leetthan 10%. The stars fulfilling these two criteria
constitute the astrometric sample. The astrometric saimmempared to the 2mass catalog and the common
stars are extracted.

For several entries the Hipparcos Catalogue containsrgpactd luminosity classification from the litera-
ture. A substantial part of the stars common to 2mass andatipp does, however, not have any classification
but may anyway be dwarfs and should be included in the sampbeder to substantiate the main sequence
calibration. Fig[ZB shows the distribution of the starshaitt classification (gray points) overplotted the as-
trometric sample (black points). More than 5500 stars mgdtier > 0.010” ando,/7 < 10.0% criteria are
without a luminosity classification.
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Figure 28: Dark points all Hipparcos stars fulfilling theragtetric criteria:r > 0.010” ando,/n < 10.0%. The
overplotted lighter points are those without luminositgsdification and many of these must be main sequence
stars and should accordingly be included in the calibragemmple

A.2 Confining the main sequence

Some stars classified as evolved are better appreciatedimsagaience stars. There is a concentration of stars
classified as LC IV as well as LC Il atl(- K, M3) ~ (0.2, + 2). A possible reason for classifying stars in
the color range from about 0.1 to 0.3, the approximate A6 —€gfon, as "giant” like could be that they have

a small Vsini for their color? To have as many precise maimsgge stars as possible for the color — absolute
magnitude calibration we do not rely entirely on the lumitoslassification given in the Hipparcos Catalogue
but try to delineate what we think is the proper main sequence

It is important to separate the main sequence from the sabbianch: the region around ¢ K, M;) ~
(0.5,3.0) where the MS and giant branch are separateddynag inM;. A mean or median value dfl; at
(J - K) ~0.5 would be located in the gap and would represent no stéass B the Hipparcg@mass cut are
included in the calibration sample if located inside thenrequence demarcation as defined in the following
(result in Fig[31). Apart from the apparent confinement (th- K)o vs M; plane we corroborate "our main
sequence” in two ways. It turns out that thdd, andK bands are not equally sensitive to evolution so we use
the branching in thél; vs Mg diagram, Fig[ 20, for a coarse separation of giants from fiwand we use
theoretical isochrones to help confining the main sequemtigetblue and to the bright, evolved side.

The resulting confinement is shown in Higl 31. The issue fopducing this confinement is to obtain a
separation of LC V and IV in the turnfloregion. TheM; vs Mk diagram is useful by suggesting a separation
of the giant and dwarf sequences. In [Eig. 29 is shown hovivthend Mk magnitudes separate in thg) range
from +3 to -2 in a giant and a dwarf branch. For any giydp magnitude in this range the giants are more
luminous in the K band than the dwarfs. For a distinction leetmthe two luminosity classes we fitted an upper
envelope to the dwarfs in the form of a straight line to thglwest part of the main sequence. According to
Fig.[28 the partition is to run in thel(~ K) range from about 0.3 to about 0.45. The lower K-luminosityitl
for the giants is suggested adx ~ 0.97575x M; —0.33265. The solid line is the proposed division between
giants and dwarfs, the dashed line is & HBe.

When the dividing line is transformed to thé{ K) — M; plane it defines the partition between class V and
class IV. The division is shown in Fig. B0.

Stars classified as LC IV in the Hippar¢g@sass sample are overplotted as light gray points circles in
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Figure 29: The branching part of tid; vs Mg diagram which is used for separating LC V (tiny boxes) from
LC Ill (black points) and from LC IV (triangles). The upperlisbcurve is the line dividing dwarfs and giants
and the lower dashed curve is &4be.

Fig.[30 and we notice that there is a clear coincidence ofrdmesformed dividing line from Fid. 29 and the
upturn of the subgiants indicated by a set of isochrones g:1i38.

Another important issue is how the upper luminosity limitthé early part of the main sequence should
be identified? Important because of its influence on the dpaesigned to the estimated absolute magnitudes.
Fig.[28 shows how sparsely populated it is in the Hipparcospda The upper confinement for this part of
the main sequence might instead be based on all stars fro@mhegHipparcos comparison, irrespective of
parallax and its relative error. In this sample even the flueK) limitation, which seems virtually uninfluenced
by extinction is well defined. The upper bright limit is, howee, drawn where the brightest members in the
astrometric sample are located (see [Eig. 28 and Elg. 30)atrett a virtually constani; ~ +1 where the bulk
of the calibration sample has its bright limit.

Theoretical isochrones in the infrareth1 K, have been published by Cordier et &l._([2007]) and the Hippa
cog2mass main sequence stars should be confined by a very yodngaderately old isochrones. The very
young one should coincide with the youngest stars in the Eaand delineate the lower luminosity bound-
ary together with the blue main sequence confinement. Theerataly old ones, younger than a few Gyr,
might help locate where A type stars and earlier types Iehgarain sequence. We have included a set of
such isochrones in Fig. B0 with ages ranging from 0.1 to 8.0@ Gye 0.1 Gyr isochrone is a rather good
representation of the lower envelope and the blue confinenTdre upper confinement of the data is located
roughly where hydrogen burning in a thick shell is replacgdlbell hydrogen burning. The 8 Gyr isochrone
also represents the dwarf - subgiant transition rather. wtiifting to the 12.0 Gyr isochrone does not shift
this red limitation significantly. In the region - K) >0.4 the isochrones follow a central location in the MS
distribution.

Guided by these considerations we have drawn the bordesrinend the sample. Stars inside this curve are
now considered athe main sequence sample, and will be used forNhgk — color calibrations. It is shown
in Fig.[31 together with the isochrones. The precise looatibthe upper luminosity confinement is not that
critical, except where the giants brandh @ his is because the luminosity distribution across thenrsaguence
at a given color has very few stars at the extreme lumino§itars at the upper main sequence confinement
evolve fast implying a low density of data points and theylacated at the blue limit of the Hertzsprung gap.
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Figure 30: The figure shows the early main sequence resutmg the simple dividing line in Fid.29. The
cool part of the main.sequence is not included this way sx#weM; vs Mg distribution turns back to the
high K-luminosity side of the dividing line. Luminosity da IV stars are overplotted as the brightest points.
Isochrones of ages 0.1, 0.8, 1.5, 4.0, 5.0 and 8.0 Gyr are @ordier et al. ([2007])
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Figure 31: The thin solid curve is the confinement of the maiquence sample discussed in the text and is
shown together with its resulting statistical relationkgkated for 0.025 mag bins o8 K). The dotted curve

is the mean given together with the standard deviation céaadfior 0.050 § — K) intervals. The median curve

is the solid thick one. Isochrones from Cordier et al. ([Ap@re shown for 0.1, 0.8, 1.5, 4.0, 5.0 and 8.0 Gyr.
The diamonds showry, (right hand scale) calculated for overlapping 0.050 irdtsvn ( — K) separated by
0.025 mag and a drop from 0.4 mag to 0.1 mag is noted where thy@ 8@&hrone turnsfb the main sequence
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Figure 32: For illustration we show the complete main segeencluding M and L dwarfs. Early main
sequence, black points, is from the present work. Grayisttpare M dwarfs from Reid and Cruz ([2002])
and the cool tail of L dwarfs are from Leggett et al. ([2002)dDahn et al. {[2002]). For the L dwarfs both
median and mean values are displayed

A.3 Mean and Median Loci

The sample within the main sequence confinement and meetii® mas andr, /7 <0.10 criteria consists of
9085 stars. Since it is not possible to give a precise logatfi@ star in the — K)o vs M; diagram from only
three photometric bands we replace the main sequence wittua gjiving a representative absolute magnitude
as a function of a color. Due to the natural width of the magueace the replacement will introducffsets
from the true magnitude.

A.3.1 Mean Locus

After dividing the main sequence into 0.025 mag intervalgJn- K)o we compute the mean and standard
deviation of the color and the absolute magnitude for eaddr con. The run of the mean locus is given as
the dotted curve in Fig._31. The standard deviation is catedl for 0.050 J — K)g bins though but are plotted
for every 0.025 mag intervals. The standard deviation sses the error we commit by using the mean main
sequence locus. The standard deviation is plotted as didenaferring to the right hand scale of the figure.
There is a dramatic decrease in #g, values with a factor2 in the @ — K) bin 0.3 — 0.5 from~0.4 to
~0.1. The errors range from0.06 to~0.4 for the late and early types respectively. Paying nanttie to

any other error source the inaccuracy translates to aveldistance erroAR/R ranging from 3% to 20% for
individual stars withr 3k <0.035 mag. The inaccuracy will apply to the estimatendfvidual stellar distances.
The features whose distances interest-usxtinction discontinuities- are defined by several stars, maybe a
numberx>10 implying an error of the mean distance better thd0%. The sequence of errors narrows at about
(J - K)o =0.45 corresponding to early G dwarfs. The red terminatiothefsequence is at K7 — M0. M dwarfs
are thus notincluded in this calibration but dedicatedistudf their infrared absolute magnitudes have become
avaible in the literature, Dahn et al[_([2002]), Leggettlet(f2002]), Reid and Cruz [([2002]). Fi§. B2 shows
how the absolute magnitudes of the M and L dwarfs fit into tlesent calibration. From the error point of view
late G and K dwarfs are very well suited for the distance @gidw but as seen in Appendix] B on thelK data
these stars may not be of immediate use due to the giant-dwgeneracy and the shape of the main sequence
in the two color H — K) — (J — H) diagram. In Secf. B3 aid B.4 we suggest how these staribfyosgy be
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included in the distance derivation.

A.3.2 Median Locus

With the same color binning as for the mean we calculate thdianecolor and absolute magnitude for each
bin. The solid black curve of Fig._B1 shows the resulting raediurve and for the early part of the diagram we
notice that the median locus is slightly fainter than the m@&hich was to be expected.

A.4 Dispersion in the distance calibration

As a test we have applied the median calibration on the edidr sample itself following the prescription of
Subsection 3]3. Only for spectral types earlier th@bV though, by running the sequence of codes used for
the distance and extinction estimates we have developatiéd2mass data. Note that this spectral range has
the most imprecise calibration withy, ~0.4 mag.

For this excersize we can not assume that the Hipparcos sasnpireddened but must estimate the intrinsic
colors, H — K)g and @ — H)g, as we do with any 2mass extraction. We have no demands tcthesay of
the JHK photometry. From theJ— K)o vs. M; calibration we have the distance estimate which we compare
to the trigonometric distance . The mean dference of these distances becomes 8.8 pc and the standard
deviation about 25 pc. The dispersion of the mediedinces ig10 pc and derives almost exclusively from the
astrometric errors. Since the meaffelience only dters from zero on the sigma level we have not decreased
the calibrated distances with the zero poiffset. If we subtract the error coming from the trigonometry th
dispersion of the distribution of residuals decreaseg2®pc. All stars being closer than 100 pc this dispersion
agrees with our calculated standard deviationsegfin the range from 0.2 to 0.4. 0.4 is the value pertaining to
stars earlier than G6\ru,=0.4 implies a relative uncertainty in a single distance &f18

B The JHK data

Knude and Fabricius[([2003]) presented a preliminary dismn of the Hipparcg@8mass combination applied
to distances of interstellar features. For #éK extraction an oversized area in the direction under ingagtn

is defined and the errors and flags to be accepted are selBotatlouds in the solar vicinity outlines are known
from mm observations dPCO rotational lines or from optical or infrared extinction nsagf not available the
complete set o§HK observations itselfféers an estimate of the outline either from simple star coonfsom
contours of mean values dfi(— K) formed in a reseau centered on each extracted 2mass star.

It has proven to be of some importance leaving out the pharygrndth the largest errors for the distance
and extinction derivation whereas the complete samplet#ned for the star counts. Most often we base
H — K,es contours on stars with precise photometryk <0.04 but the limit is sometimes relaxed to 0.06 or
even to 0.08 to include a larger number of stars.

Star counts are done in circular reseaus required to coh@ircounts on the average. A count is assigned
to each entry in the extraction from the 2mass catalog thasrlg out a margin the size of the radius of the
reseau of the originally defined area on the sky. The resahwsre typicallys10s. The reseau size depends on
the galactic latitude ranging froml% at the poles te-5/ close to the plane. Even a change of a few degrees in
latitude may change the appearence of a cloud as given byscddeighboring counts are thus not independent
but the stars outlining a given count is only used for indigathe possible presence of extinction and not for
evaluating its size or extinction.

Fig.[33 and_34 both cover two dense knots of Lupus IV locatqataymately &, ) =(242.8, -41.7) and
(242.1, -41.7). See e.g. Fig. 8 of Cambrésy or the CO mapgnZ-of Tachihara et al. [([2001]) or the more
recent extinction map by Lombardi, Lada and Alvés ([2008pe also thél — K;es map in Fig[IB. The scales
of the two Figures are identical so the suggested dimensibtie knots are quite ffierent when counts less
than 12%reseau is used as the defining limit and they are not reprddodkeH — K;egmap of the same region,
Fig.[13. The low declination field, Fig. B4, suggests a size fo five times larger than the high declination
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Figure 33: Region containing eastern part of the Lupus IMidlo Reseaus displayed are those with less
than 150, 125, 100 and 90 staieseau respectively. Very few stars are located in reseéthdess than 75
stargreseau (large black dots)

field, Fig.[33. This tendency may be understood asfieceof the galactic latitude. Increasing the latitude
will lower the average stellar density, and increase theaesize required to contain 100 stars on the average.
There is no uniquapriori way to define the area from which stars may be drawn for thamtist determination

of the cloud. Extinction contours drawn from mddn- K reseau values may likewise be influenced by latitude
because the stellar distribution varies with latitude. dud confinement is defined by a lowldr— Kgg limit
identified just outside the cloud perimeter, see Hig. 7(b).

B.1 Which parts of the (H-K) — (J—H) diagram may be used for the intrinsic color estimate?
The Serpens region as an example

In Fig.[38 we have shown the color magnitude diagrdm K) vs. J for a 2x2 0° box confining part of the
Serpens molecular cloud and overlaid with a set of isoctedren Cordier et al. {[2007]) for comparison.
The isochrones are shifted 10.5 mag and assuming reddehig o = 0.6. The 10.5 mag is chosen because
with this shift a few giants are located on the 8 — 12 Gyr isonbrand we note that the shifted 8 and 12 Gyr
isochrones and the upper confinement of the shifted mairesegualmost are superposed in the-(K) vs. J
diagram for § — K) > 1.0. A main sequence may be identified as well as a very bre@ad branch where the
width probably is caused by extinction.

The black points of Fig._37 show thél(— K) vs. (J — H) two color diagram for the same stars. The main
sequence and giant relations from Bessell and Biett (J)98&]plemented with the relations from Dahn et al.
([2002]) and Leggett et al.[([2002]) for the cool dwarfs anahfi Allen ([2000]) for the hot stars not contained
in Bessell and Brett are overplotted. The relations haven ltiensformed to the 2mass system, Carpenter
([2001)).

Two straight lines with the slope of the reddening rdip/En_x=1.916 assumed to be constant for all
spectral classes are shown. The value, 1.916, is close tatibederived from Fitzpatrick’s [([1999]) model of
the extinction law computed fdRy=3.1 and assuming a reddenifg_y=0.5. This means that we use a law
pertaining to the dfuse part of the interstellar medium.

The upper one of the two reddening vectors in Eig. 37 intéstbe main sequence where the giant sequence
has it hottest point. The lower one crosses the main seqatitsehottest point and acts as a lower envelope in
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Figure 34: Region containing eastern part of the Lupus I¥elthe previous figure but shifted one degree
towards the South Celestial Pole. Note that after the shifidclination more stars are located in reseaus
with less than 75 stafieseau (large black dots) and the associated dense clumpgardprger than in Fig. 383.

H — K,es contours for this part of Lupus IV may be seen in Fig. 13

Figure 35: 2mass data from &2 0° box in the direction of the Serpens star forming cloue.6§center2000 =
(18'24™,0°0r). Slightly off set from the dense knots shown in Figl 36. 25570 point sowvitesrjyk < 0.040.

The main sequence confinement dhH K) — M; are shown together with the 0.1, 0.4, 0.8, 1.5, 8.0 and 12 Gyr
isochrones shifted 10.5 magdnand 0.6 inJ — K
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Serpens A and B: 1x10° each. CNT=80, 100, 110, 120
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Figure 36: 2mass data for two slightly overlappingldo® regions in the direction of the Serpens star forming
clouds A and B. Reseaus with counts less than 80, 100, 1102hdr& shown. The countours of these counts
may be compared to the extinction map given by Enoch et @0{{D in their Fig. 5.

the color — color diagram.

To obtain intrinsic colors a main sequence star is trandlptgallel to a reddening vector to the standard
locus with a shift given by its reddening. When a star is gxdlated back to its location on the main sequence
locus its intrinsic colorsi — K)o and @ — H)o are known. This implies that we have an estimate of the star’'s
reddening ind — K) as well as in § — H). We prefer usinde;_y which, apart from the larger range af{ H)o
compared told — K)o, is relatively less influenced by the photometric errorsitha_x. FromE;_y and the
extinction lawA; is obtained. Applying the absolute magnitude calibratibthe main sequence locus from in
AppendiXA, Fig[31 supplemented with literature valuessfoectral types earlier tharB4 and later thar MO
we may estimate the stellar distance and produce a diagrawirgithe extinction variation with distance.

Complications arise because the giant and main sequermt®onsl overlap and because the main sequence
has the shape it has, after an almost linear dependende-d€)y on (H — K)g the relation breaks and ¢ H)g
becomes almost constant with increasihgH K)o implying that we may not discern a heavily reddened early
main sequence star from a less reddened late type main segsians. A degeneracy that will be remedied in
the next decade when trigonometric parallaxes becomeal@ifor most of the 2mass stars.

B.2 The early types on the MS

To avoid the mismatch of giants and dwarfs only stars bel@wiper reddening vector of Fig.]137 should be
applied. And to avoid the eaylate type dwarf mixing we should limit the study to reddersimgrtaining to
the early dwarfs located between the two parts of the mainesag locus. This implies a bias in the reddening
range that may be probed. The hottest part of the main sequang trace reddenings equivalentAg < 6
mag whereas the dwarfs located just where the giant relatiamches fi only measurédy < 3 mag but these
values are dfticient to identify an extinction discontinuity. We impose @nmum distance measured along
a reddening vector from the cool part of the relation in oftdeassure that a point is not caused by the error
distribution among the late M dwarf. Similarly we introduaeninimum distance inJ— H) from the upper
reddening line. We also exclude stars located to the blue afidhe main sequence in terms of th¢ € K)
color. The sample located between the two reddening veofdriy.[37 and confined by the main sequence
locus and reduced by the imposed margins is our prime trafersddening and distance. These stars do,
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Figure 37: 2mass data from the twa1l.o° boxes shown in Fid. 36 in the direction of the Serpens stanifuy
clouds: A(light gray) and B(dark gray). The main sequence giant loci are displayed together with two
reddening vectors. The upper one intersects the main seguelation where the giant relation has its origin.
The third line is Meyer et al.’s[([1997]) unreddened T Taokus. The two cloud regions are overplotted data
from the nearby 2 o° region shown in Fig._35 (black symbols) covering the southmart of Fig[36. We
notice that part of the>22 o° region are much less reddened than the twi d° boxes

however, belong to the less populated bright part of the ity function with a rather low spatial density.
They may trace rather large volumes and measure substexiiia¢tion values but for nearby, small molecular
clouds typically with solid angles smaller than a few squdggrees, the probability to find such stars in front
of the cloud is small. And for a good estimate of a cloud distamnreddened stars in front and reddened stars
just behind the cloud are required. Stars with a larger apdénsity may be required to trace the volume in
front of any cloud. Experiments on most of the local star figrclouds have shown that the O — G6 MS range
most often do not provide enough stars in front of the eximcjump. This means that the cooler K and M
dwarfs should be considered in order to provide an estinfadaver distance estimate to the cloud.

B.3 The cool dwarfs

Due to the scarcity of the early type dwarfs, few are expeitdte volume in front of a cloud implying that
only upper distance limits can be provided for most localenolar clouds. We therefore may try to include
the M dwarfs as well. Intrinsic color and absolute magnitade derived as for the early type dwarfs, the
only difference is that we have replaced the independent parametter&{ with (J — H) because of the near
(J — H)o-constancy of these cool stars. We thus include stars With if) located above the main sequence
value reduced by (J — H) = 0.070 for a givenfl — K) value and 0.040 mag below the upper reddening vector
in Fig.[34. Stars below the main sequence by more k@ H) = 0.070 are included in the sample of main
sequence stars earlier than G6V. The chosen limitationerdepn the maximum photometric errors. As a
reference we use jHk max= 0.040 mag.

Since the volume of the molecular cloud, in the solid anglestuely — which often is only a few square
degrees — typically is small, the volume in front of the cloudy be used as an approximation to this volume
plus the cloud volume and we may compare the number of earfyfdwhotter than-G6) to the number of
late dwarfs (cooler than K®0) from the local luminosity function. The latarly ratio becomes8. Noting
that the early ones that are mistaken for late ones are thetbaehave theiAy exceeding the range from 3 to
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Figure 38: Extinction vs. distance data combined for thergions Serpens cloud A and B shown in Figs. 36
and37. The three dashed lines show the maximum extinctisareable for three divisions in thel - K) - (J—

H) diagram. The central line is caused by the turn over of ithe K) — (J — H) relation at the maximum main
sequenceJ — H) value roughly corresponding to MOV. The right most cormss to the spectral type where
the the giant locus and the main sequence coincide, appatadynat G6V, and finally the left most displays
the maximum extinction measurable with main sequencersaifdype M4V. The upper extinction limits are
valid for a limiting magnitudelj,, ~ 14.5. The hatched triangle may only be measured with starseednin
~MA4YV, see discussion in the text

about 6 mag and are emerged in the cloud with a volume that éhsmnaller than the volume in front of the
cloud or are located behind the cloud so the/kddy ratio is in fact larger than 8. The stars clusteringuatb
the lower reddening vector of Fig.137 illustrate that coritation of the cool sample by very extincted early
type starsAy <15 mag, takes place. Another interpretation is that theseairearly dwarfs but rather on the
AGB, Lombardi, Lada and Alves[([2010]).

Since some molecular clouds are star forming, anotherskedsus ambiguity arises from the presence of
PMS stars. Stars withJ(- H) redder than indicated by the T Tau locus given by Meyer, €awd Hillenbrand
([1997]) are consequently excluded. So only the stars éachétween the locus defined by the main sequence
relation corrected witlA(J — H) = 0.070 and the T Tau line is considered for the distance —&idim determi-
nation. This of course biases the M dwarfs included in thegdano the lesser reddened ones. A nice example
showing some very local unreddened M dwarf candidates foerpe®is region is shown in Fig.]38. We call
these secondary tracers the M4 - T sample.

The two samples we have considered so far are firstly the amsitded by the stars confined by the main
sequence and the two reddening vectors originating whergiéimt relation branchesfahe main sequence and
where the hottest star included in the main sequence melat®located: this is our primary sample for which
we may estimate extinction and distance in a unique way. riétbgave include the dwarfs later tharivi4 and
confined by the main sequencfset by -0.070 ind — H) and by the T Tau sequence. This sample may not be
clean since it may be contaminated by dwarfs earlier th@6 and with an extinction exceedingd — 6 mag
in V depending on the spectral class. The contamination roapias the results seriously since assuming that
all stars are-M dwarfs only will imply a wrong type in a few cases, about ong of eight. Mistaking an O
— G6 dwarf for an M dwarf will in fact not influence the locatioh the extinction discontinuity, e.g. the one
in Fig.[38, it will replace a large extinction (the true onelhwa small (a false one) but put it at a false small
distance, due to the intrinsic faintness of tledwarfs (Fig[32), where it will not influence the estimate luf t
cloud distance seriously.
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B.4 Indications from the K dwarfs

Leaving out a spectral range in a magnitude limited saml€naass, may introduce selectioffieets influ-
encing the distance — extinction variation we are looking feurthermore the G6 — MO dwarfs have a high
spatial density and if they could be included in the distaneatinction determination they would substantiate
the presence of any extinction discontinuity suggestedbyCt — G6V and M4 — T samples. Not to mentioned
that G6 — MO range has a more precose calibration than the Orargé.

As we can see from thel (- K)g vs. M relations in Fig[-3R there is a homogeneous variatioiVgiwith
(J = K)o also in the spectral range from G6 to MO. This means that tisusion of the~G6 — MO part of
the main sequence will introduce a gap in the distance bligtan of the extinction tracers because stars with
Mj between 4 and 6 are systematically missing. There may, fewleg a way that the K dwarfs can be used
to corroborate the distance — extinction indications sstggkby the early and the late steller types: If the
distance vsAy diagram based on stars earlier tha®6 and later than-M4 indicates a well defined extinction
discontinuity, refer to Fid._38 and 19 where we notice the dsviater than~M4 within ~200 pc and the O —
G6 dwarfs beyond-200 pc, we have an indication of the distance range over whiglextinctions in the jump
are measured.

In order to make use of theG6 — MO dwarfs we first extract the stars between the uppererédd line
and the main sequence, see Eid. 37. This extraction is oseamixture of dwarfs and giants. If on the main
sequence they are of spectral typ&s6 — ~MO.

With the distance — extinction information deduced from the- G6 and M4 — T samples we have an
indication of how extinction varies with distance. We knoarof the extinction range within a given distance
interval. In Fig[39 we see tha, is increasing fromx0.3 to~3.5 mag within the distance interval fror60 pc
to ~450 pc. Given thé\, and distance limitations we ask if any of the stars we jusbextd between the upper
reddening vector and the main sequence can be located idiskémice interval (60 — 450 in our example) and
with an extinction in the range suggested by the M4 — T and O -e@#fs respectively. Assuming they are
dwarfs, i.e. that they obey thd ¢ K)o — M, calibration valid for the G6V — MOV stars, we extrapolate bac
to the main sequence standard curve and obtain an estim#te woftrinsic colors and subsequently absolute
magnitude just as was done for the O — G6 range. Extinctioimaa&ed for the K dwarfs this way are limited
to the range from-0 to ~3. The spatial density of theK dwarfs are approximately the same as that of the
early group. By imposing the distance and extinction linmtghe extraction of possible K dwarfs we may
exclude the giants. Thel(~ H) color range of these stars include the GOIIl —/BI# spectral range for the
giants implying that the ratio of the number densities of @&/ — MOV to the number density GOIll — K2l
stars is~36.5. The LC Il stars are of course brighter than LC V staws,(§ — K) ~0.7 the red clump giants
are~ six magnitudes brighter than the corresponding point onrtihin sequence. This means that since the
observed) magnitude does not depend on whether the target is a dwarfiang since the extinctions for the
observed il — K, J — H) depend little on whether the source is a dwarf or a giant(re¢ieat the coincidence
of the dwarf and the giant loci is what causes our actual prablthe relative distance is only determined by
the diference in absolute magnitude meaning that if the star isrd gjis a factor~16 farther away than if it
was a dwarf. Due to the ratio of the number densities the velwithin the cloud distance based on the O —
G6V stars will only stfer a slight contamination. Typically less than 5 contamigame expected in front of a
cloud at 150 pc and projected into one square degree on thdbkywolume beyond the cloud may contain a
larger number of giants but here the extinction may work infauour. For a cloud at a distane€00 pc the
giants may sample a volume out to about 2.5 kpc meaning thatiay pick up an additional extinction &f,
= 2 — 3 mag from the diuse medium alone. This additional extinction will may pusén beyond the upper
extinction limit of Ay ~3 mag pertinent to the zone between the upper reddeningnaaddhe main sequence
locus so we are pretty confident that most of the K dwarf catdilare real dwarfs.

An example of the resulting (&;1k, Av) distribution from the three groups of tracers is shown ig. B8
for the 2x2 o° area centered orw( 6)center = (18'24™, 0°0r) adjacent to clouds A and B, Harvey et al.
([2007]) in the star forming Serpens cloud. The color — cdiagram for %2 o° is the black underlying points
in Fig.[37. We note that the extinctions aréfeient in these three Serpens regions. The regions contany t
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Figure 39: Distance vs. extinction diagram for the223° region centered on part of the star forming Serpens
cloud with @, 6)centerz000 = (18'24™, 0°0r). The two-color diagram for these stars region may be seen in
Fig.[34. Triangles are th®4 — T dwarfs, diamonds the proposed G6 —/KI® dwarfs and finally the larger
black filled circles are the dwarfs earlier than G6. The disteaxis is shown on a logarithmic scale in order to
emphasize the closest stars. The two dashed lines disgagakimum extinction observable with\é4V and

a MOV tracer respectively withli, = 14.5 mag. The statistics are sampled in 20 pc distance bthsdigitance
steps of 10 pc. Each distance bin has a 50% distance overthpeadh of its adjacent bins. The solid curve
displays the run of the mean extinctienAy >, the dashed curve is the variation of the median extincfltme
dotted curve is the standard deviafisnrt(N-1) scaled with a factor five for clarity. Finally, /Ay is shown as

the solid curve in black. The statistics for this curve aipped below 100 pc where it shows some oscillations

and B clouds are generally more obscured than ##r? area.

54



	1 Abstract
	2 Introduction
	3 How to estimate the cloud distance? Serpens region as a template
	3.1 Cloud distance estimate from AV(mean), AV(median), AV vs. distance
	3.2 Distance indications from other statistics
	3.3 An algoritm fitting the extinction – distance variation at an extinction jump

	4 Examples of cloud distances
	4.1 The Taurus star forming region
	4.2 The  Ophiuchus star forming region
	4.3 The LDN 204 and LDN 1228 filaments
	4.3.1 The LDN 204 filament
	4.3.2 The LDN 1228 filament

	4.4 LDN 1622 and 1634 near Orion
	4.4.1 LDN 1622, 1621,1617, and 1624
	4.4.2 LDN 1634

	4.5 The Lupus Region
	4.5.1 Lupus I
	4.5.2 Lupus II
	4.5.3 Lupus III
	4.5.4 Lupus IV
	4.5.5 Lupus V
	4.5.6 Lupus VI

	4.6 The Depth of the Lupus Complex
	4.7 The Chamaeleon Clouds
	4.8 A 33  region comprising Chamaeleon I
	4.9 A 22  region centered on Chamaeleon II
	4.10 The Chamaeleon III cloud
	4.11 DC300.2-16.9
	4.12 The Musca cloud
	4.13 The Southern Coalsack
	4.14 The Circinus molecular cloud complex
	4.14.1 DC 314.8-05.1. An isolated globule or associated to the Circinus complex?

	4.15 IC 5146. A more distant cluster and cloud
	4.16 The Corona Australis Cloud
	4.17 LDN 1450, HH 7 - 11 or NGC 1333 in the Perseus Cloud
	4.18 The California Molecular Cloud

	5 Summary of distances to 25 local clouds
	6 acknowledgements
	A The  (J-K)0 -  MJ  calibration of the main sequence
	A.1 The calibration sample
	A.2 Confining the main sequence
	A.3 Mean and Median Loci
	A.3.1 Mean Locus
	A.3.2 Median Locus

	A.4 Dispersion in the distance calibration

	B The JHK data
	B.1 Which parts of the (H-K)  -  (J-H) diagram may be used for the intrinsic color estimate? The Serpens region as an example
	B.2 The early types on the MS
	B.3 The cool dwarfs
	B.4 Indications from the K dwarfs


