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ABSTRACT

We are studying the column density distribution of all ngagtant molecular clouds. As
part of this project we generated several all sky extinati@ps. They are calculated using the
mediannear infrared colour excess technique applied to data frenTtvo Micron All-Sky
Survey (2MASS). Our large scale approach allows us to trepfunctions to extinction free
regions in order to accurately determine the colour excakses. Two types of maps are pre-
sented: i) Maps with a constant noise and variable spasaluéon; ii) Maps with a constant
spatial resolution and variable noise. GiandardAy map uses the nearest 49 stars to the
centre of each pixel for the determination of the extinctibime one sigma variance is constant
at 0.28 magAy in the entire map. The distance to thé4@earest star varies from below 1
near the Galactic Plane to abouf#®the poles, but is below’$or all giant molecular clouds
(i < 30). A comparison with existing large scale maps shows thateatinction values
are systematically larger by 20 % compared to Dobashi enal 48 % smaller compared to
Schlegel et al.. This is most likely caused by the applied&ianting technique in Dobashi et
al. and systematic uncertainties in the dust temperatuweanssivity in Schlegel et al.. Our
superior resolution allows us to detect more small scale &iginction cores compared to the
other two maps.
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1 INTRODUCTION e.g. thermal continuum imaging of the cold dust, spectna thap-
ping of molecules such as CO, or the determination of extinct
maps. Each of these methods has its own shortcomings, eonsid
ing the accuracy and selection effects with which the realra
density distribution in clouds can be mapped. A detailedudision

of this topic can be found in Goodman et al. (2008). The asthor
conclude that near infrared extinction mapping might pievihe
‘best’ or least biased way to determine the column denskgfrithu-
tion of clouds, given a constant gas to dust ratio.

Stars form within giant molecular clouds (GMCSs). A largectian

of these stars originate in embedded clusters (Lada & L&@23(3.

The properties of these forming clusters, such as the mastida

and the star formation ef ciency, are hence inextricabhkéd to
the properties of their natal molecular cloud. Of particuhapor-

tance is the turbulence within the clouds. Thus, the studihef
dynamics, structure and chemistry of GMCs plays a pivota iro
our understanding of the star formation process.

In order to study the turbulence within GMCs we can investi- The mapping of extinction at optical and near infrared (NIR)
gate their column density distribution and compare it tothécal wavelengths can be performed using star counting (e.g. Wolf
predictions for the volume density distribution which isif to be (1923)), colour excess techniques (e.g. NICE - Lada et 8b4};
log-normal for isothermal ows (e.g. Passot & Vazquez-Seleni NICER - Lombardi & Alves (2001)), or a combination thereof
(1998) and references therein). For a large number of clalote (e.g. Lombardi (2005)). With the availability of large sedlomo-
the line of sight with a log-normal volume density distrilout geneous surveys such as the Digitized Sky Survey (DSS; Laske
the column density distribution becomes normal. Othertige ~ (1994)) or the Two Micron All Sky Survey (2MASS; Skrutskie et
column density distribution is log-normal (Vazquez-Selewi & al. (2006)) the possibility to map the extinction of entiteuxl com-
Garc’a (2001)). plexes in the Milky Way has arisen. In recent years a number of

There are in principle a variety of ways in which the column large scale maps have been created by various authors: ID@bas

density distribution of GMCs can be investigated. Theséuite al. (2005) (hereafter DOS) used optical star counts to maeia
tinction along the entire Galactic Plane with < 40 ; Froebrich

et al. (2005) used star counts in 2MASS to determine theivelat
? E-mail: jr262@kent.ac.uk, extinction in the entire Galactic Plane withj < 20 ; Large scale
y E-mail: df@star.kent.ac.uk maps (e.g. Pipe Nebula, Ophiuchus, Lupus) based on the NICER
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Table 1. The different maps created for the project. See text forildeta

Number  Description Type

1 Ay - 25 stars Con-noise-map

2 Ay -49 stars Con-noise-map

3 Ay - 100 stars Con-noise-map

4 Ay - 25 stars Con-noise-map

5 Ay -49stars Con-noise-map

6 Ay - 100 stars Con-noise-map

7 Distance to 28 neighbour Con-noise-map

8 Distance to 49 neighbour Con-noise-map

9 Distance to 108 neighbour  Con-noise-map

10 Ay Con-resolution-map
11 Ay Con-resolution-map

technique are presented e.g. by Lombardi et al. (2006; 2008)
127 63 region towards the Galactic Anticentre region has been
mapped by Froebrich et al. (2007) using the NICE techniqaseB

on far infrared emission maps an all sky extinction map hanbe
created by Schlegel et al. (1998) (hereafter S98).

We plan to study the column density distribution of all cleud
in the Milky Way accessible with the NICE technique. As a rst
step we present here our all sky near infrared extinctionsrbaged
on 2MASS. We have created a variety of maps using a xed grid
(constant spatial resolution) method, as well as a neaegghinour
(constant noise) approach. The resulting column densgtyilli-
tions of the clouds will be analysed in a forthcoming pubiica.

Our paper is organised as follows. In Sect.2 we describe in
detail the method used to determine the extinction maphkjdimg
the calibration and the uncertainties. The results areepted in

Table 2. Pixel sizes and spatial resolution of our maps dependingadads
tic Latitude jbj. The 'N-A' in the spatial resolution column for th€on-
noise-mapsndicates that the spatial resolution depends on the nuwfber
stars (25, 49, or 100) used and also varies with position. A afdghe spa-
tial resolution for the map using the nearest 49 stars is showthe right
panel of Fig. 2.

Map type jbj range Pixel size”]  Spatial resolutionq]
Con-noise 90 -50 2.0 N-A

50 —-40 1.5 N-A

40 -20 1.0 N-A

20 - 0 0.5 N-A
Con-resolution 90— 50 2.0 6.8

50 —-40 1.5 51

40 —-20 1.0 34

20 - 0 0.5 1.7

nearest stars to the central pixel position to determinartedian
J-H, H-K, and J-K colour of stars. The choice of the number of
stars basically creates three maps with different spasdlutions
and noise. Thus, the spatial resolution varies by abouttarfat 2
between the map using 25 stars and the map using 100 staris. Add
tionally, we determine maps of the distance to th& 289" | and
100" nearest neighbour (i.e. the spatial resolution at eacht)poin
Furthermore a map of the uncertainty in the median colouaeth e
point is created.

ii) Con-resolution-mapsFor these maps we xed a radius
around the center of each pixel, and all stars closer thamabais
were used in thenedianJ-H, H-K, and J-K colour determination.
As radii we choose 1.7 times the pixel size for an oversargpbin

Sect. 3 where we also compare our maps with the existing large about three. We further determined a map of the uncertaiititne

scale extinction maps from DO5 and S98. A summary is predente
in Sect. 4.

2 EXTINCTION MAP DETERMINATION METHOD
2.1 The extinction maps

For the determination of our extinction maps we used the 2BAS
Point Source catalogue (Skrutskie et al. (2006)). To enthae
only high photometric quality sources are used, we extdaate
objects with the highest quality ag in each of the three rie
(Q ag="AAA) from the catalogue. All other sources were ths
garded. We extracted positions of all sources from the cgte, as
well as the J, H, and K magnitudes and their associated efrbes
coordinates were converted into the Galactic coordinateesy us-
ing the IRAF taskCONVERT.

We have created different maps for the project to facilititte
ferent needs. A summary of all available maps can be foun@in T
ble 1. There are two main types of maps: i) Maps that use a xed
number of nearest stars at each position. ii) Maps that Usteas
within a xed area around the position. Effectively the ristpe of
map can be considered as a constant noise - variable sl r
lution map, and the second map as a constant spatial resohuti
variable noise map.

i) Con-noise-mapsThese maps use either the 25, 49, or 100

1 IRAF is distributed by the National Optical Astronomy Obsstories,
which are operated by the Association of Universities foiséech in
Astronomy, Inc., under cooperative agreement with thedwati Science
Foundation.

median colours.

The pixel size of our maps varies with galactic latitude, ac-
cording to stellar density. For maps with variable spatabtution
we ensure that the oversampling is on average between 2% %nd
except in areas of high extinction where larger values ataiioéd.
The pixel size in the maps was varied from©0a5b=0 to 2 at
jbj=90 with increments of 0.5 For the maps with constant res-
olution the same pixel size as for tl®N-noise-mapsare chosen.
With the xed oversampling this results in a xed spatial obs
tion of these maps. The details of how the pixel sizes andapat
resolution depends dhyj are given in Table 2.

2.2 Extinction determination and calibration
Median colours

We rst determine the median colour of all stars at the positbf
each pixel (depending on the type of map a different number of
stars is included in this calculation). For example we prepamap
where each pixel contains the value:

[J H]= Median(m; m}) (1)

wherei runs from 1 toN, with N being the total number of
stars included in the calculation at each pi¥él. H ] symbolises
the median colour of stars in a pixel (in this case the J-Hulo
m’ andm}, are the individual 2MASS magnitudes of the stars used
for the colour determination.

We use the median colour instead of the mean because of
the following: i) It eliminates intrinsically red, youngast, which
would systematically in uence the mean. This is the caseag hs
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there are more foreground and background stars than yoarsy st
There are only two obvious cases in our map where the detedmin
colour is dominated by intrinsically red objects and hencerap-
resentative of the extinction. These are the areas of tren@teb-
ula Cluster and the core of the L1688 cloud in Ophiuchus (see
below). ii) Similarly, clusters of stars with colours diféat from
background and foreground stars are eliminated if they ddom-
inate the numbers. iii) Most importantly the median enstinaswe
either measure the correct colour excess/extinction aedobr we
measure no extinction (i.e. do not detect the cloud at ai)ofg as
there are more background stars to the cloud the medianesnser
determine the colour of the background stars, and henceothect
colour excess. If there are more foreground stars to theddiog
median corresponds to the colour of the foreground starsaend
do not detect the cloud. For details and a simulation of thevery

of extinction values using this method see Froebrich & deigBu
(2006). This last point is the most important for our workics we
will analyse the column density distribution within the gtts. The
use of the mean colour would distort the column density ithstr
tion in a non-linear and position/extinction dependent welyich
would not allow any of our planned analysis.

Colour excess

Each of our median colour maps has to be converted into theces
tive colour excess map in order to determine the extinat@nmn
density of material. The median colour of the stars in regjiwith-
out dust clouds varies with position in the Galaxy due toedéht
stellar populations. We hence need to determine ( t) a fiomctle-
scribing the median colour of stars in extinction free regii the
maps. This was done in an iterative way described in theviatig:

i) The median colour maps were rebinned to &g pixel map,
and median Itered with a lter size of one degree.

if) We masked out regions which are in uenced by dust clouds.
Identi cation of clouds was initially achieved using the &faps
and excluding datawith B( V) > 0.125 mag. Once a preliminary

value for given in the literature varies between 1.6 and 2.0 (see
e.g. Martin & Whittet (1990), Drain (2003)). Here we use aueal

of =1.7. Hence the extinction in the H-band can be determined
as:
h  Hi
Abn Hi = (3)
_H 1
J
or
H  Ki
Agmn ki = 4
1 _K

Both extinction values can be averaged and converted into op
tical extinction Ay ) via:

5:689
2

where the factor 5.689 is the conversion of H-band into opti-
cal extinction following Mathis (1990). The (in principlayailable
third colour excesh]  Ki is not used, since itis not independent
of the two other colours.

Ay = (5)

Anng Hi t ApH K

Calibration offsets

The extinction maps determined from different colour esdesg.

h]  HiandhH Ki) should, if we apply the correct extinction
law, result in the same extinction values. This also imptineg our

t of the median background colour is correct. Near the Gtitac
Plane and the Galactic Center, however, there are not eraatgh
points/regions that are free of extinction, and hence thmight

not be 100 % accurate. This is in particular a problem clogedo
Galactic Center, where the population of stars is dominkyegdi-
ants, compared to away from the Galactic Plane, where normal

Ay map had been produced (see steps iii to v) we repeated thisdwarf stars dominate the stellar population in 2MASS. Tlthse,

stage but using our extinction map created fitin K ]. In this

nal step we masked out all pixels withy > 0.5 mag and extended
the mask by 4Btowards unmasked regions to ensure all clouds with
signi cant Ay values are masked out.

iii) We then ta spline function to the unmasked extinctioed
regions to establish the colour excess zero point at alltipasi
At rst 1D-spline functions were t along 1®wide columns of
constant galactic longitude with knots every degree exuefite
masked regions. This enabled us to Ilin the gaps around tia¢
tic Plane where no extinction free data is available.

iv) We then t 1D-spline functions along favide rows of con-
stant galactic latitude with knots every degree to the tesflstep
iii). This nal background colour array was expanded to thigie
nal size and smoothed with 8 &dius.

v) We then subtract the result of step iv) from the medianwolo
maps to determine the colour excess, i.e.:

h] Hi(l;b) :[J H](|;b)

where(l; b) denotes the position in the map.

fit [J Hlup) 2)

The colour excess maps are then converted into H-band ex-

tinction, assuming a power law for the extinction in the MR /
, with  the near infrared extinction power-law index. The
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majority of the regions used for the t of the background aolis
dominated by dwarfs. Hence, our tted function describestie-
dian colours of dwarf stars. In case of fi¢ K] colours, there
is no severe systematic problem with this, since dwarfs dauatg
of the same spectral type have basically the sgine K] colours.
Hence, we can assume that our tiid K ]is correct everywhere.
The situation is very differentfdd H]and[J K], where giants
and dwarfs have different colours. Since we t these colaising
mostly regions dominated by dwarfs, the tin regions closétte
Galactic Center will have systematic offsets. Since gihate red-
der[J HJ]and[J K] coloursthan dwarfs of the same spectral
type, this will generate a systematic positive offset ingkgnction
maps created from these colours, compared to the maps tguhera
from[H KI.

We have hence used the extinction maps created firomK ]
as a control and subtracted it from the other maps to cheatiffor
ferences. When determining the differeridg, between extinc-
tion maps obtained frofd H]and[H K], we clearly nd
systematic residuals (see Fig.1). Due to the redder colbtineo
giants in[J  H] an offset of almost 2mag iAy is found in re-
gions close to the Galactic Center. The size scale of thdsetsf
is very large, up to 120in |. This effect of different colours of gi-
ants and dwarfs can also be seen in the Large and Small Maigella
Clouds, which are clearly apparent in the difference magré&lare
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median instead of the mean (Kenney & Keeping (1962)). The un-
certainty of the median is larger by this factor than the viacety

of the mean for large samples and a normal distribution (lvhie
assume for our individual uncertainties).

To determine the uncertainties in tAe map we assume that
the statistical errors of the colour excess values areicirb the
variance in the median colour maps. That said, we assume&vthat
only introduce systematic offsets but no additional stigasuncer-
tainties when converting the median colour maps into cotagess
maps (see below for details on these systematic offsetsicddie

Figure 1. Grey scale representation of the difference map calculated o )
Day, =5:689 Ay ni Apnn ki (see text for details)Ay hl Hi = [3 HJ
values are scaled linearly from -1.5mag (black) to +1.5 nvelgjté). The The corresponding errors in the H-band extinction deteschin

image size is 360 180 with the Galactic Centre in the middle. from the colour excess are then:

also negative offsets near the Galactic Plane. These ftset be - hl Hi
Aning Hi T 8)

caused by two effects: ' H 1

i) The region is dominated by young stellar objects with an in
trinsicH K excess due to a disk. While this is the case in the
Orion Nebula Cluster and the core of L 1688 in Ophiuchus,rit ca
not be the cause for the large scale offsets along the endil@ctc A ki = __hH KP 9)
Plane. ' 1

ii) The region contains a large fraction of higher mass stars H
(spectral types O-F). Thejd  H] colour is measurably smaller When determining the variance of the averaged map we
than in the population of low mass dwarfs away from the Galact have to take into account that the variances of the colo@siafr
Plane used for the t. Hence, a smaller extinction value isame  independent of each other (see e.g. Froebrich & del Burgdg0
sured. ThgH K] colours are also smaller, but the effect seems We hence need to consider the covariance between the extinc-
to be not as pronounced (i.e. our extinction map calculatewoh f tion maps determined frot) Hi andhH K i colour excess.
[H K]does notshow negativey "holes' near the Galactic Plane  Hence the variance of th®y map can be determined by:
as does the map determined frfgn  H]).

and

We thus assume that point ii) is the reason for the large scale , _  5:689 2 2 2
negative offsets. There are further small scale variatiansed by Av.T T Abihy Hi A ki ¥2 0 cov
the effects of variable observing conditions in 2MASS (selew). (20)
To correct for all large scale offsets we Itered the diffece image where oy is the covariance of the two extinction maps. This
Da, with a lter radius of 4.5 in | and 0.3 in band subtracted covariance can in principle be determined in extinctioe fiegions
this ltered image from the extinction map created frgin H]. (i.e. no colour excess) in our map. We can calculated it aathe
This will calibrate the extinction maps compared to the ndgter- age pixel value in the product image of the two H-band exitmct
mined from[H K1, and this is also the nal map that is used in maps in areas with no extinction, i.e:
the determination of th&y maps presented in this paper (see left
panel of Fig. 2 for one example). Note that this assumes tirade W
tinction maps obtained frofiH K ] do not show any systematic cov = 1 Avn Hi . Awm i (11)
offsets. Our comparison with the known extinction maps fid@b N i =0 ' ! ' !

and S98 in Sect. 3.3 will show that this assumption is valithimi

the one sigma uncertainties of our map. wherej runs over all pixelsN in the map with no colour

excess. The covariance values found by this way are about
cov =0.0015 ma@. However, the H-band extinction values in our
2.3 Uncertainties of the extinction maps maps are not completely independent from neighbouringlgixe
since our spatial resolution is larger than the pixel size.h&hce
cannot use Eq. 11 to determing,y, . Instead we determine the co-

The uncertainties/variances,,, of the nal extinction maps are  Variance in the following way: i) Determine a histogram ofiex-

Statistical uncertainties

calculated via error propagation from 2MASS photometnye Tih- tion values in cloud free regions in our nal extinction mdp.
certainties of the median colours of stars in each pixel aye e Measure the FWHM or variancea,, of the distribution. iii) Us-
ing the knowledge of the contribution fromy,; w; and 1y«
Y in Eg. 10 we can determine the covariance.
_ 1:253 P X i\o X 2 Using this method we measure typical covariance values from
B oHIT TN ) 52+ - () O 0.0025 mag to 0.0055 mag) in the map for the nearest 49 stars.
i= i=

We use cov =0.004mag in the nal maps. Table 3 lists some in-
where N denotes the total number of stars used for this pixel. dividual covariance values for selected areas. Note thathilyh
1 and [ aretheindividual J and H-band uncertainties in the pho- value for the ¢, means that the covariance dominates the total
tometry of the star. The factor 1.253 is caused by the use of the statistical uncertainties in our maps. We empirically right the

Cc 2008 RAS, MNRASDOQ, 1—-xxx



The Structure of Molecular Clouds: | - All Sky Near Infraregtiaction Maps 5

Figure 2. Left Panel: Our all sky extinction map using the nearest 49 stars.

Theénsize is 360 180 with the Galactic Centre in the middle. Optical

extinction values are scaled linearly from -1 mag (white}fanag (black)Right Panel: Grey scale map of the distance to thé'4@earest neighbour, i.e. a
spatial resolution map of our data. Grey values are scated 1P (black) to 1 (white). The image scale is the same as in the left panel.

Table 3. Examples of the covariance valueg,y determined in a number
of extinction free regions.

| range brange cov [Mmac?]
163.3 —158.3 +323 - +37.3 0.0055
31.3 - 26.3 +31.3 - +36.3 0.0031
313.3 —308.3 +31.9 - +36.9 0.0026
272.0 —-267.0 +31.0 — +36.0 0.0030
143.0 -138.0 35.7 - 307 0.0039
85.1 - 80.1 36.0 — 31.0 0.0037
2255 -220.5 36.1 - 311 0.0047
244.2 —239.2 375 - 325 0.0052

average covariance values for our other constant noise caayep-
proximately be described by a power-law of the forga, (N) /

N %8 whereN denotes the number of stars used to determine the
extinction at each pixel. We use this equation to determntieecb-
variance values for the constant resolution map, becaisentp
uses a different number of stars at each pixel and ewr determi-
nation method described above cannot be applied.

Figure 3 shows the distribution of the individual statiatian-
certainties for all pixels in a 25 square degree region rieaGalac-
tic Plane (2.5<b< 7.5 ; 221.67 <I< 226.67) for all of our maps.
In Table 4 we list the peak position of they,, distribution for a
sample of areas in our map using the nearest 49 stars.

Systematic uncertainties

So far we have only considered the statistical uncertantieour
maps. The tting of the background median colours to obtaia t
colour excess values, as well as potential changes in tiecgah
law, will add further uncertainties to oura, estimate. The vari-
ances due to these points should in principle be added intd(Eq
Since all these uncertainties are systematic in nature amtiffer-
ent scales, we do not add them into the uncertainty mapsrgezse
here, but will discuss the scale and magnitude of the terntisein
following.

i) The t of the background colours will introduce system-
atic offsets into the extinction maps if it is not perfect.eTdngular
scale of these offsets will, however, be large, due to thareatf
the tted function. Hence the scale of any systematic offseill
be much larger than 4.5n | and 0.3 in b, the smallest Iter size
used in the process of calibration. These offsets will heraten-
uence any analysis of the column density distributions afl@cu-
lar clouds in the maps, in particular away (more thapfiom the
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Galactic Plane. They will only lead to small offsets in thealte

Av values. The magnitude of these offsets can be estimated from
the systematic comparison of our map with the maps of DO5 and
S98. We nd in Sect. 3.3, that the offsets are generally naida
than the one sigma variance of the extinction.

ii) There are small scale (typically 14° by 6% systematic
offsets caused by the 2MASS observing procedure. Diffeobnt
serving conditions have lead to varying completenessdimithe
2MASS data. The different completeness limits cause theaned
colours of the stars to change locally in the catalogue. kame
ple at better conditions more fainter stars are detectedhese are
usually redder. This is particularly obvious[ld K ], since deeper
observations generally pick up more nearby dwarf stars;lvend
to be redderifH K, but will not in uence theflJ  H] colour.
We do not cap the stars included in the determination of oyr ma
at a global completeness limit, however, since this woulecteoo
many objects and seriously degrade the achievable spasialu-
tion in many parts of the map. The magnitudes of the extinctio
offsets are up to 1 magv in the maps determined frofl K],
and only up to 0.5mad\v in the maps determined frold H].
Hence, the maps determined from medidn H ] colours suffer
much less and should be used if a locally absolutely caklrat,
map is required. Note that in our nal averagéd, maps these
small scale variations can be as large as two times thetstatis
variance. Hence, care needs to be taken when analysingltirarco
density distribution in these maps. In particular, any distruc-
tures aligned with the 2MASS observing pattern should baicen
ered carefully.

iii) A spatially variable extinction law could introducefeéts
that are non-systematic and small scale. A change of thacexti
tion law from the interstellar value might be expected inheig
column density regions, where coagulation of dust grairdiaan
the formation of ice mantels might change the optical priper
(e.g. Ossenkopf (1993), Preibisch et al. (1993), Larson &itigth
(2005)). If the value of the extinction law changes by0.2 com-
pared to our applied value of 1.7, a change in optical extinct
of about 10 % will be the result. Given our average statiktica
certainties of about 0.28 mag for the map using the nearestia49
(see Table 4), possible variations in the extinction lawavily lead
to measurable effects Aty values larger than 8 mag (three sigma
detections). The applied constant value of 1:7 is hence justi-
ed. Furthermore, there is no residual cloud structureblesin the
Da, map (Fig.1), emphasising that in general the assumption of
a constant value is valid. We will investigate possible small scale
variations of in a forthcoming paper.
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Table 4. Summary table of the properties of selected regions in oyr. We list the region name, the area, the peak in the disiibuf uncertainties in the
map using the nearest 49 stars, the slope and offsets oftihetsn when compared between our map, D05 and S98. Thiedicates slopes and offsets that

have been t by eye, since no satisfactory linear regressioould be achieved.

Region  Name | range brange Ay DO5vsOurmap S98vsOurmap  S98vs D05
[mag] offset slope offset  slope offset  slope
1 Camelopardalis 157.2-152.2 14 -64 0.286 0.22 1.21 -0.52 0.52 -0.61 0.36
2 Serpens 31.3- 26.3 1.3 -6.3 0.282 0.17 1.28 -1.70 1.00 -1.40 0.80
3 Lupus 341.8 - 336.8 1.9 -6.9 0.282 0.82 1.06 -0.34 0.73 -0.80 0.60
4 Vela 272.0 -267.0 1.0 -6.0 0.281 0.22 1.41 -0.86 0.70 -0.48 0.37
5 Taurus 166.0 - 161.0 49 -99 0.282 0.19 1.13 -0.31 0.62 -0.54 0.56
6 North America Nebula 85.0- 80.0 1.0 -6.0 0.278 0.19 1.34 -0.74 0.73 -0.42 0.46
7 Monoceros 225.5-2235 1.0 -6.0 0.281 -0.01 1.23 -0.48 0.58 -0.70 0.55
8 Auriga 185.0 -180.0 3.0 -8.0 0.281 0.11 1.23 -0.58 0.65 -0.63 0.46
2.4 Other Methods 1000 —— : : :
There are, of course, other methods available to determitiece - ] 100 stars 1
tion maps based on NIR photometry. These are in particular th 800} i
NICER method presented by Lombardi & Alves (2001), or the
work presented by Lombardi (2005). These methods are based o _ I i
the minimisation of the variance of the determin®d values by g 600~ .
optimally combining the available colour and position imf@- i:t’: L 49 stars J
tion. Naturally, these methods will have a smaller variatizan e 4001 i
our method. The reduction in noise when using the NICER nektho
with respect to the simpler averaging of colour excess gaape i 25 stars ]
plied by us is typically of the order of about 20 % (see e.geFro 2001 xed pixel size -
brich et al. (2007)). This would e.g. lower the 3etection limit L P J
in our standard map from 0.84 mag to 0.70 mag. However, possi- 0 . | | s Y
ble variations/uncertainties in the applied extinctiom,las well as 0.6 0.8 1.0 1.2
small scale changes in the completeness limit (see Sertea@t a, [magl]

in similar size variations of thAy values. Furthermore, this small
gain in signal-to-noise has to be weighted against the insmen-
ditional computational costs of the more sophisticatedhos.
These computational costs, as well as the simplicity andsiiess
of the colour excess technique are hence the essential angsim
for our choice of technique.

3 RESULTS

3.1 Ay and spatial resolution maps

We have created a number of all sky near infrared extinctiapsn
for our project. The available maps are listed in Table 1.yTwi

Figure 3. Distribution of the individual statistical uncertainties our

Ay values in a 25 square degree region near the Galactic Plane
(2.5 <b< 7.5; 221.67 <I< 226.67). We show the one sigma vari-
ance distribution »,, for the maps using the nearest 25 (peak at about
0.21 mag), 49 (peak at about 0.28 mag), 100 stars (peak at @3tmag),
and the constant pixel size map (peak at about 0.83 mag). tNatethe
peaks of the distributions will not change with position fbe con-noise
maps (see e.g. Table 4) since the same number of stars islexdcin the

Ay calculation. The spatial resolution of the®nearest neighbour map

in the area for which the histograms are plotted is about @ifasf three
higher compared to the xed pixel size map, hence the larg&enin the
latter.

sized images. For better contrast the extinction valuescaied by

all be made available on the CDS and can also be downloaded atsquare root from 0 mag to 15 mag optical extinction.

http://astro.kent.ac.uk/extinction

In the left panel of Fig. 2 we show a grey scale representation
of our all skyAy map using the nearest 49 stars. Extinction values
are scaled linearly between -1 mag (white) and +7 mag (blatk)
optical extinction. The general distribution of dust alahg plane
of the Galaxy is immediately visible, as well as the more hgar
higher latitude clouds such as Orion, Ophiuchus, ChamelEsun
rus, etc.. The lack of any signi cant dust away from the Gatac
plane is also clear. Features such as the Large and SmallllMage
lanic Clouds can also be seen, and are caused by their ret$ gian
(see the discussion above about the calibration of the m&pg)e
low Ay regions are noticeable in the southern half of the image,
at latitudes ob  -70 . TheE(B V) map of S98 shows mate-
rial in these positions as well, indicating that the cloudsraal. In
Appendix B we show detailed high resolution cut-outs of thiére
49" nearest neighbour map for clarity. There we present 321

The map of the distance to the2earest neighbour star is
shown in the right panel of Fig. 2. It varies from abofiath 0
to 1 atjbj 90 . This clearly shows that the spatial resolution
varies by about a factor of 10 from near the Galactic Plan&éo t
poles in the image. The map further shows that the spatialues
tion is better than %to 5 in all regions of interest, i.e. regions that
contain giant molecular clouds, and generally better ththfdr
jbj < 30 .

3.2 Distribution of uncertainties

Most of our maps use a xed number of stars around the pixel po-
sition to determine the extinction. Since most of the selgstars
have very similar photometric uncertainties, we namedehmaps
constant noise map®n the other hand, the map using a xed pixel

Cc 2008 RAS, MNRASDOQ, 1—-xxx
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size will use a different number of stars and hence resulinoee
variable noise.

In Fig. 3 we plot the distribution of the one sigma variance
in our map for a 25 square degree region near the GalactiePlan
(2.5 <b< 7.5; 221.67 <I< 226.67). For the constant noise
maps the peaks in the distributions are very narrow (justifghe
name), while for the constant resolution map the unceresnvary
by a much larger amount even in this rather small eld of view.
The main cause is that the covariance dominates the variative
maps, as seen in Sect.2.3. There are some pixels in the gbnsta
resolution map where the noise and the extinction cannoeter-d
mined since no stars are found in these pixels. Note thatoidttas
resolution of the 48 nearest neighbour map in the area for which
the histograms are plotted is about a factor of three largapared
to the xed pixel size map, which explains the larger valuéthe
uncertainties in the latter.

For the constant noise maps the peaks in the variance distri-

bution are at 0.21 mag, 0.28 mag, and 0.37 mag for tHe, 28" ,

able to trace much higher column density regions. Howevgh h
Av regions very close to the plane are also not picked up by our
technique. These are regions where foreground stars ditima
stellar population and our median colour excess approaeakbr
down. Such regions are apparent as "white' low extinctigiores
near the bottom in the left panel of Fig. 4.

A comparison of our map with S98 also shows two main dif-
ferences: i) On average tide, values from S98 are about a factor
of 1.5to 2 higher. This has already been commented on by Di@b, a
is probably caused by systematic uncertainties in the asghast
temperature and emissivity in S98. ii) There are very higtinex
tion regions in the densest cores and withirol the Galactic Plane
visible only in S98. The isolated high extinction cores am@jably
superimposed point sources and/or regions with signi lyadiffer-
ent dust temperatures. The higly region near the plane is partly
caused by the same effect. Additionally the far infrared rbagi-
cally traces the entire emission from the galactic disk,levbur
technique has a limit of about 5-8 kpc (e.g. Marshall et 06,

and 108" nearest neighbour map respectively. This means, that Froebrich & del Burgo (2006)).

e.g. inthe 49 nearest neighbour map, the important threshold for
self-shielding of molecular clouds of 1 ma&g, (Hartmann et al.
(2001)) is detected always with a signal-to-noise rati@ajér than
three.

3.3 Comparison with other large scale extinction maps

To validate our calibration and to compare our new map withtex
ing works we facilitate the widely used all sky extinctionprfeom
S98 and th¢hj 40 map from DO5.

D05 produceddy maps at angular resolutions dt&nd 18,
covering the sky in the galactic latitude rarjpp 40 . They per-
formed star counts in the optical data from the Digitized Sky-
vey (Lasker (1994)). The wavelengths used lead to a be#teinty
of low extinction regions in their maps, but underestimate in
areas of high extinction.

S98 produced an all sky map Bf(B V), intended for use
as a new estimator of Galactic extinction. They used data fro
COBE/DIRBE and IRAS/ISSA maps. The diffuse emission from
dust in the infrared can be used as a measure of column densit
once the temperature and emissivity is known. The resalutio
the nalE(B V) map of S98is 6.1

Visual Comparison

In Fig. 4 we compare a section of ofis, map (left panel) with the
maps of D05 (middle) and S98 (right). Extinction values aaded
linearly between 0.5 and 20 mag. The maps show a regiong20
| < 30 and 0 < b < 10 ) containing the Serpens molecular cloud
complex, that nicely illustrates the differences betwédenraps.
The most obvious difference is the higher spatial resahutio
our map (between®and 4) compared to the other two maps (about
6. Hence, much ner details, such as small, high column dgnsi
cores and small scale structures are visible only in our nay.m
When comparing our map with DO5 there are two further main
differences: i) There is a number of very higly regions not de-
tected in the DO5 map (e.g. the main Serpens core). The réason
that optical star counts are not able to trace such high coliensi-
ties. ii) Near the Galactic Plane (positioned along thedwotof the
image) all but a few clouds are undetected in D05. Again the re
son is the rather low penetration depth of the optical stanting
technique. The near infrared colour excess method appjies s

€ 2008 RAS, MNRASDOQ, 1-xxx
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Detailed comparison with Dobashi et al. (2005)

A more detailed comparison of our map with the DO5 maps is
shown in Fig. 5, were we plot the D@%y values against ours. The
gure contains data points from the 5 5 region 2 (Serpens),
whose coordinates are listed in Table 4. Note that we only glo
random selection of less than 1 % of the data points from tkieeen
area, to facilitate visibility. A one-to-one line, as well a linear

t (excluding outliers) to the data points are overplottdde pa-
rameters of the linear t are listed in Table 4 for all regiofi$he
individual comparison plots for all other regions listedTiable 4
are shown in Appendix Al.

We see in Fig.5 that D05 systematically underestimates the
extinction by about 20 % compared to our values. There is en th
other hand no systematic offset, i.e. the linear t has aseifof
0.17 mag, well below the one sigma variance of éwr values.

At high column densities (above 5-6 mAg ) there are very large
differences between the two methods. These are caused tBftwo
fects: i) As mentioned earlier, the optical star countinghnod of
DO5 is not able to trace these very high extinction regiopur
better spatial resolution allows us to pick up more smallesd¢agh
column density cores.

In general the plots for all regions (Appendix A1) show a sim-
ilar behaviour, i.e. a slight systematic underestimat@ efin D05
compared to our map and an offset below the variance of oar dat
(see Table 4 for the linear t parameters). The fact that tfigets
are below the variance level in our map, shows that our cldom
of the colour excess values has worked properly at all prstiThe
only region tested where the offset is above the one sigmanas
is Lupus. Aninspection of the actual plot (Fig. A3), howeatows
that a linear tto the data is certainly not appropriate irsttegion.
The large number of small scale higly coresinthe eld (see also
Lombardi et al. (2008)) might cause the very different appece
of the plot.

With a few exceptions, the slope of the linear ts is about 1.2
(see Table 4). There are two possible explanations for ihisle
have used an incorrect extinction law; ii) There are systenue-
certainties in the star count technique;

There are two reasons why explanation i) is unlikely to be
the dominant cause for the discrepancy. Firstly, we do nat n
any residuals resembling the giant molecular clouds when-co
paring the H-band extinction maps determined fiam Hi and
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Figure 4. Grey scale representation of region 2 (Serpens) oaurmap (left panel), the map of DO5 (middle panel), and the mapa& (right panel). The
images are 10 10 in size and encompass a coordinate range of0< 30 and 0 < b < 10 . The extinction values in all maps are scaled linearly.

White represents 0.5 mag optical extinction, while blagikresents 20 magy .

hH K colour excess (see Fig.1). Such systematic differences
should occur if we had used an incorrect extinction law. 8dbo

to explain the 20 % difference, a value in excess ef2.2 has to

be used in the conversion of colour excess into extinctionafb
clouds. Even if such values can be found in some clouds, giyer

a value of < 2.0 is found (e.g. Martin & Whittet (1990), Drain
(2003)).

Explanation ii) seems to describe a more plausible cause for
the 20 % difference. The star counting technique from DOSitu
the number of stars in a certain area. With an increasingruist of
the cloud an increasing fraction of the stars are foregrotihds,
the further away the cloud is, the more the extinction is vesk:
mated by star counting. Oumediancolour excess method on the
other hand will either detect the correct colour excess afsdbe-
hind the cloud, or not detect the cloud at all (see above)uim
tions of both extinction determination methods in Frodbécdel
Burgo (2006) show this effect (their Fig. 9), and that its miagle
is in the order of 20%. We expect that with an increasing cloud
distance the difference between @ values and D05 increases.
There is a tentative hint of that in the regions selected inl€l4,
but we will analyse this in more detail in a forthcoming paper

Detailed comparison with Schlegel et al. (1998)

We also compare ouky values to those obtained in S98 for the

20 T T T T T

16

=
N
T

[ee]

Ay [mag] (our map)

Ay [mag] Dobashi et al. (2005)

Figure 5. Comparison of the optical extinction values for the regiar-S
pens between our extinction map and the map from DO05. As d §o&
we overplot a one-to-one line, as well as a linear t. See @&dbfor the
parameters of the t.

same set of regions as above. As an example we show the compar-

ison for region2 (Serpens) in Fig. 6. All other individuabfd are
presented in Appendix A2. The parameters of the linear ¢sadso
given in Table 4.

extinction values are generally higher than our one sigmanee.
The main reason for these differences are uncertaintidseinltist
temperature and emissivity, as well as the much larger lirségbt

For the Serpens region there seems to be a general offset ofin the S98 data. For details we refer to the discussion in DO5.

about 1.7 mad\v between S98 and our map. There are, however,
notable exceptions where either the S98 or our map indicates
larger extinction values. The causes for these are eithrenigher
spatial resolution (ouAv higher than S98) or possibly groups of
point sources not removed in the S98 maps (in particular thear
Galactic Plane) in combination with the limitations of ouetimod

to pick up very high column density regions (S88 values higher
than ours). In general, we nd that the S98 values overegértie
extinction by a factor of about 1.5 to 2.0. This in in agreetveith
D05, who found an overestimate Afy from S98 compared with
their data by up to a factor of two. The offsets between the two

For completeness reasons we have also plotted thealues
of S98 against DO5 in Fig. A3. The results of the linear ts also
listed in Table 4.

4 SUMMARY AND CONCLUSIONS

We have determined a number of all sky near infrared extincti
maps using the 2MASS point source catalogue. Constantagpati
resolution maps (and hence variable noise) as well as cunsigse
maps (and hence variable spatial resolution) using eitigené¢arest

Cc 2008 RAS, MNRASDOQ, 1—-xxx
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16 T T T T T T T T T T T T T T T

12 -

Ay [mag] (our map)
[e¢]
T

0 4 8 12 16
Ay [mag] Schlegel et al. (1998)

Figure 6. Comparison of the optical extinction values for the regieng@ns
between our extinction map and the map from S98. As solidvieever-

plot a one-to-one line, as well as a linear t. See Table 4 lier parameters
of the t.

25, 49, or 100 stars are presented. We apphediancolour excess
technique to accurately determine the column densityibigton
of all nearby giant molecular clouds. Median colours arevecied
into colour excess by means of a spline tto extinction fregions.

Our standardAy map uses the nearest 49 stars around each

position for the extinction determination. The distancéhm 49"
nearest star varies betweeélngar the Galactic Plane to abouf 20
the poles. The one sigma variance in the map is 0.28AnagT his
means that all regions with an optical extinction of morentbae
magnitude (the important threshold for self-shielding afl@cular
clouds - Hartmann et al. (2001)) are detected with a signaleise
ratio above 3.6.

A comparison with the existing large scale extinction maps
from Dobashi et al. and Schlegel et al. has been performeid. Th

comparison shows that our calibration of the values is accu-
rate in the entire map to within the one sigma variance orescal
of a few degrees. It further reveals systematic differemcése ex-
tinction values compared to Dobashi et al. (our values &26 %
larger) and Schlegel et al. (our values ar40 % smaller). This can
be attributed to the star counting technique (DO5) and syatie
uncertainties in the dust temperature and emissivity (S98)

All our extinction maps have been determined in a uniform

way for the entire sky. The variety of different spatial resions
and hence signal-to-noise ratios provides an excellentogem
neous set of extinction values for different needs. Ouriedpech-
nigue does not suffer from systematic uncertainties in thst tkm-
perature and emissivity, or from distance dependent sffSEte
spatial resolution is comparable or superior to other egsll sky
Av maps forjbj < 30 . Only in some regions witflyj < 1 does
our map suffer from a non-detection of clouds due to the damin
tion of foreground stars and different methods such as thgeus
of longer wavelength data should be applied (e.g. Schultbieal.
(2008)).

€ 2008 RAS, MNRASDOQ, 1—-xxx
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Ay [mag] (our map)
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0 1 2 3

Ay [mag] Dobashi et al. (2005)

Figure Al. Comparison of the optical extinction values for regionl
(Camelopardalis) in Table 4 between our extinction map hedap from
DO05. As solid line we overplot a one-to-one line, as well asedr t. See
Table 4 for the parameters of the t.
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Ay [mag] (our map)
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Ay [mag] Dobashi et al. (2005)

Figure A2. Comparison of the optical extinction values for region2r{Se
pens) in Table 4 between our extinction map and the map fro% B8
solid line we overplot a one-to-one line, as well as a lineaiSee Table 4
for the parameters of the t.

APPENDIX A: COMPARISON OF MAPS FOR
DIFFERENT REGIONS

Al Our Map vs. Dobashi et al. (2005)

10 T T T T T

Ay [mag] (our map)

Ay [mag] Dobashi et al. (2005)

Figure A3. Comparison of the optical extinction values for region3{lus)
in Table 4 between our extinction map and the map from D05.oMd §ne
we overplot a one-to-one line, as well as a linear t. See &dbfor the
parameters of the t.

Ay [mag] (our map)

| I | I | I |
0 1 2 3

Ay [mag] Dobashi et al. (2005)

Figure A4. Comparison of the optical extinction values for region4l&ye
in Table 4 between our extinction map and the map from D05.0Md ne

we overplot a one-to-one line, as well as a linear t. See &dbfor the
parameters of the t.
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Ay [mag] (our map)

Ay [mag] Dobashi et al. (2005)

Figure A5. Comparison of the optical extinction values for region5ufTes)
in Table 4 between our extinction map and the map from D05.old Ene
we overplot a one-to-one line, as well as a linear t. See &dbfor the
parameters of the t.

101 -

Ay [mag] (our map)
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Ay [mag] Dobashi et al. (2005)

Figure A6. Comparison of the optical extinction values for region6 ifRo
America Nebula) in Table 4 between our extinction map anchthe from
DO05. As solid line we overplot a one-to-one line, as well agedr t. See
Table 4 for the parameters of the t.
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Figure A7. Comparison of the optical extinction values for region7 (e

ceros) in Table 4 between our extinction map and the map fr@%. Bs

solid line we overplot a one-to-one line, as well as a lineaiSee Table 4
for the parameters of the t.

Ay [mag] (our map)

| I | I | I |
0 1 2 3

Ay [mag] Dobashi et al. (2005)

Figure A8. Comparison of the optical extinction values for region8 {Au
riga) in Table 4 between our extinction map and the map frons.DXs
solid line we overplot a one-to-one line, as well as a lingaiSee Table 4
for the parameters of the t.
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Ay [mag] (our map)
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Ay [mag] Schlegel et al. (1998)

Figure A9. Comparison of the optical extinction values for regionl
(Camelopardalis) in Table 4 between our extinction map hedcap from
S98. As solid line we overplot a one-to-one line, as well anealr t. See
Table 4 for the parameters of the t.
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Figure A10. Comparison of the optical extinction values for region2r{Se
pens) in Table 4 between our extinction map and the map fraddn/A&9solid
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.

A2 Our Map vs. Schlegel et al. (1998)
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Figure A11. Comparison of the optical extinction values for region3-(Lu
pus) in Table 4 between our extinction map and the map from &88olid
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Ay [mag] Schlegel et al. (1998)

Figure A12. Comparison of the optical extinction values for region4l&ye
in Table 4 between our extinction map and the map from S980Ad kne
we overplot a one-to-one line, as well as a linear t. See &dbfor the
parameters of the t.
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Ay [mag] (our map)

Ay [mag] Schlegel et al. (1998)

Figure A13. Comparison of the optical extinction values for region5uTa
rus) in Table 4 between our extinction map and the map from 888olid
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Figure A14. Comparison of the optical extinction values for region6 (Ko
America Nebula) in Table 4 between our extinction map anchthe from
S98. As solid line we overplot a one-to-one line, as well aseal t. See
Table 4 for the parameters of the t.
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Figure A15. Comparison of the optical extinction values for region7
(Monoceros) in Table 4 between our extinction map and the fnoegp S98.
As solid line we overplot a one-to-one line, as well as a line&ee Table 4
for the parameters of the t.

Ay [mag] (our map)

Ay [mag] Schlegel et al. (1998)

Figure A16. Comparison of the optical extinction values for region8 {Au
riga) in Table 4 between our extinction map and the map frog 88 solid
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Figure A17. Comparison of the optical extinction values for regionl
(Camelopardalis) in Table 4 between the map of D05 and the fnoap
S98. As solid line we overplot a one-to-one line, as well @aeal t. See
Table 4 for the parameters of the t.
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Figure A18. Comparison of the optical extinction values for region2r{Se
pens) in Table 4 between the map of D05 and the map from S98olAk s
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.

A3 Dobashi et al. (2005) vs. Schlegel et al. (1998)
APPENDIX B: HIGH RESOLUTION Ay MAPS

Ay [mag] (Dobashi et al. (2005))
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Figure A19. Comparison of the optical extinction values for region3-(Lu
pus) in Table 4 between the map of D05 and the map from S98. k& so
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Figure A20. Comparison of the optical extinction values for region4l&ye
in Table 4 between the map of D05 and the map from S98. As sakd |
we overplot a one-to-one line, as well as a linear t. See &dbfor the
parameters of the t.
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Figure A21. Comparison of the optical extinction values for region5uTa
rus) in Table 4 between the map of D05 and the map from S98. lid so
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Figure A22. Comparison of the optical extinction values for region6 ifNo
America Nebula) in Table 4 between our extinction map anchthe from
S98. As solid line we overplot a one-to-one line, as well aseal t. See
Table 4 for the parameters of the t.
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Figure A23. Comparison of the optical extinction values for region7
(Monoceros) in Table 4 between the map of D05 and the map frégh S
As solid line we overplot a one-to-one line, as well as a lineaSee Ta-
ble 4 for the parameters of the t.
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Figure A24. Comparison of the optical extinction values for region8 {Au
riga) in Table 4 between the map of DO5 and the map from S98.0Ad s
line we overplot a one-to-one line, as well as a linear t. Sable 4 for the
parameters of the t.
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Figure B1. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B2. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B3. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B4. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaed from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B5. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B6. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaed from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B7. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaed from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B8. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaed from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B9. Grey scale representation of a detail of our extinction maged on the nearest 49 stars. Extinction values are squatresaaed from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B10. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B11. Grey scale representation of a detail of our extinction magell on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B12. Grey scale representation of a detail of our extinction magell on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B13. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B14. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B15. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B16. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B17. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B18. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from O mag
(white) to 15 mag (black) of optical extinction.
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Figure B19. Grey scale representation of a detail of our extinction magell on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B20. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.

Cc 2008 RAS, MNRASDOQ, 1—-xxx



36 J. H.Rowles, D. Froebrich

10 -

15+ -

b[ ]

20 —

251 -

30 -

351 -

40 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
270 265 260 255 250 245 240

IT]

Figure B21. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B22. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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Figure B23. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.

Cc 2008 RAS, MNRASDOQ, 1—-xxx



The Structure of Molecular Clouds: | - All Sky Near Infrarertiaction Maps 39

10 -

15+ -

b[ ]

20 —

251 -

30 -

351 -

40 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
360 355 350 345 340 335 330

IT]

Figure B24. Grey scale representation of a detail of our extinction mageld on the nearest 49 stars. Extinction values are squatrecaled from 0 mag
(white) to 15 mag (black) of optical extinction.
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