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SUMMARY: The dust in molecular clouds reliably traces the molecular gas
within. We used this assumption to get an estimate of the dense cores size and
mass in L1217/L1219 by deriving the total optical extinction, and therefore, the to-
tal column density. In this, two methods were used, the ”standard” Near—Infrared
Color Excess (NICE) and the Near—Infrared Color Excess Revisited (NICER). Re-
sults confirm that NICER is better in tracing the low level extinction areas, conse-
quently making the total cloud’s mass significantly larger, as compared to the NICE

derived value.
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1. INTRODUCTION

Molecular clouds consist mostly of Hy. By
mass, hydrogen makes up to 63%, helium amounts
to 36%, while about 1% of the mass consists of dust,
trace molecules and atoms. Obviously, to study
molecular clouds the most appropriate would be if
the most abundant molecule was observed. Unfortu-
nately, direct emission from hydrogen in molecular
form is rare: being a molecule without a permanent
dipole moment it has very weak rotational transi-
tions with the rotation levels energies much larger
than the average kinetic temperature of, generally
cold, molecular clouds. The lowest vibrational tran-
sitions occur in the near-infrared, difficult to ob-
serve from the Earth surface. Since the discovery
of CO in the ’70s molecular spectroscopy has be-
come a powerful tool for these studies. The huge

body of the trace molecules data in molecular clouds
is often difficult to interpret e.g., the LTE approxi-
mation usually does not hold, opacity differs, chem-
ical composition varies, clouds possess a small-scale
structure, some molecules are depleted, interaction
of the gas and the dust sometimes is not easy to
understand... All this leaves the dust in the clouds
as the most reliable tracer of Hy. Measurements of
dust extinction of background starlight in the near
infrared (NIR) wavelengths, where dust opacity is
low, directly give a measure of the dust content of a
molecular cloud. Only two assumptions are needed:
that the interstellar extinction law is universal and
that the gas—to—dust ratio in the clouds is constant.
The accuracy of these assumptions may be assessed.
Some studies suggest that the gas—to—dust ratio in a
galaxy is inversely proportional to metalicity, ~ 1/Z
(Franco and Cox 1986), or even to ~ 1/Z? (Lisen-
field and Ferrara 1998). Both Large and Small Mag-
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ellanic Clouds have metalicities significantly smaller
compared to Milky Way, Zimc ~ Zorion/2 and
Zsmc ~ Zorion/ D, respectively. Yet, comparison of
the UV to NIR extinction curves has shown that
there is no difference between the galaxies for wave-
lengths longer than 0.3 um (Gordon et al. 2003).
In the visual to UV parts the extinction curves differ
only for the lines of sight towards regions with an ex-
tensive star formation activity. In the Galaxy, the ex-
istence of metalicity gradient of about —0.09 dex/kpc
is well known (e.g. Carraro et al. 1998). On length—
scales we deal with when studying dark clouds, the
metalicity gradient appears to be insignificant. The
"standard” interstellar extinction law, an average of
interstellar extinction curves for a sample of stars
in the Solar neighbourhood has ben recently tested
and proved to be valid up to 5.2kpc from the Sun
(Clayton et al. 2000). We, therefore, accept that
in quiescent region of the Solar neighborhood both
assumptions hold to a reasonable level.

1.1. The L1217/L1219 dark cloud

L1217/L1219 lies at the southernmost edge of
the Cepheus flare cloud complex. Kun et al. (2000b)
studied stars having far-infrared excess (a signature
of youth) in the vicinity of the cloud. There are in-
dications that star formation is still going on in the
cloud. We conducted extensive molecular line ob-
servations and gathered available IR data in order
to study YSOs, dust and molecular gas distribution
(Nikoli¢ and Kun 2004). Some results are reported in
Kun et al. (2000a). In this paper we present further
results.

The paper is organized as follows: in Section
2 we describe the input data, Section 3 reviews the
two techniques used to derive total optical extinc-
tion in the direction of the cloud, in Section 4 we
present our results of the application of both tech-
niques on L1217 followed by a short discussion about
significance of the differences in the derived physical
properties of the dark cloud (size and mass of the
cores).

2. INPUT DATA

The Two Micron All Sky Survey (2MASS,
Kleinmann et al. 1994) is an all-sky—survey in
the J, H and K, band (1.25pm, 1.65um and
2.17 pm, respectively). The catalog is publicly
available both as a DVD box-—set and on-line at
http:// www.ipac.caltech.edu/2mass/.

For our study of dust distribution in
L1217/L1219 i.e., derivation of the total optical ex-
tinction, we have selected an area of 40’ x 40’ cen-
tered on a = 22M12M45.2% § = 70°14'30” (1950).
The area contained altogether 4786 stars. However,
only a subset of the data was used i.e., only stars
with good quality measurements in all bands were
considered for the NIR color excess calculations.
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3. METHODS

In the V broad band, the extinction (absorp-
tion and scattering by interstellar dust) in magni-
tudes is denoted by Ay. The B — V color of a star
is altered by an amount Fp_y, i.e., the color excess
or selective extinction. The quantity Ry, the ratio
of total to selective extinction, is thus:

Ay
Ry = .
V" Ep v

(1)

Extinction is generally determined by the color-
difference method: the intrinsic colors of unreddened
stars are assumed known, and photometric or spec-
troscopic observations are made of stars of similar
type which suffer extinction. From the differences,
the wavelength dependence of the extinction can be
derived. In the wavelength range from 1 to 13um
Rieke and Lebofsky (1985) reported Ry value for
the diffuse interstellar medium of 3.09 £ 0.03, and
this became known as the (normal) interstellar ex-
tinction law. Along some lines of sight, those pass-
ing through dense molecular clouds, this ratio can
be as high as 5 (e.g. Whittet et al. 2001, Kandori
et al. 2003). However, for wavelengths longer than
0.7pm the shape of the extinction law is independent
of Ry (Cardelli et al. 1989).

3.1. NICE

The Near-Infrared Color Excess (NICE) tech-
nique was developed by Lada et al. (1994). This
method combines measurements of near-infrared

color excess to directly measure extinction and map
the dust column density through a molecular cloud.
The color excess, E(H — K), can be directly
derived from observations, provided the intrinsic
color of the star is known. Assuming a normal red-
dening law (Rieke and Lebofsky 1985) we have:

E(H - K) (H — K)obs — (H — K)int

= 0.063Ay, (2)

where H and K represent the near-infrared H and
K-band (centered at 1.65um and 2.2um, respec-
tively), subscripts “obs” and ”int” denote observed
and intrinsic quantities, respectively. The intrinsic
(H — K) colors of normal main sequence and giant
stars have a relatively small range: for stars with
spectral types between A0 and late M, 0.0™magritude -
H — K < 0.3masnitude (o o Koornneef 1983). From
here we may either assume that the average (H — K)
color of a typical star is 0.15™aenitude "o aim for more
accurate color excess determination. Provided that
the stars in a nearby control field are extinction-free,
their colors are equal to intrinsic colors of the cloud’s
background stars.

The efficiency of NICE has been demonstrated
with the studies of several dark clouds (Alves et al.
1998, Lada et al. 1999, Alves et al. 2001). However,
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as pointed out by Lada et al. (1994) this method
has several limitations and uncertainties. First, there
are uncertainties associated with the determination
of color excess, largely statistical in nature. Second,
in the derivation of physical quantities we may be ul-
timately interested in, such as extinction, gas column
density and cloud mass, uncertainties are systematic.

Statistical errors encompass photometrical er-
rors which effectively set the lower limit to the reli-
ably measured extinction; variable reddening to the
background stars produced by random, unrelated
background and/or foreground dust clouds signifi-
cantly contributes to the methods’ uncertainty for
low extinction regions; foreground stars contamina-
tion likely has a larger effect in regions of highest
extinction, while the method will not work at all
for regions of molecular clouds containing embedded
clusters where the surface density of the embedded
stars exceeds that of backgrounds stars. In princi-
ple, the effect of the embedded stars can be mini-
mized by elimination of all stars with infrared ex-
cess. Finally, the major source of statistical uncer-
tainty is probably the cloud structure, if the cloud is
significantly structured or clumpy on scales smaller
than the achieved resolution. There are of course,
at least partial remedies for each problem. Photo-
metric errors caused by the intrinsic scatter of the
colors of stars are reduced by averaging over angu-
larly close objects, assuming they are subject to the
same amount of extinction. Thus, in practice the
extinction is estimated as

N
~ 1 bs — int
Ay = 1587 | & §1 (H— K} —(H—K) | (3)

where the sum is over a set of N angularly close
stars. Foreground stars should have colors indicative
of zero extinction i.e. should be significantly bluer
than nearby stars.

The major sources of systematic uncertainties
are the interstellar extinction law for Ay, the actual
gas—to—dust ratio for gas column density derivation
and the distance to the cloud for mass determination.
Obviously, the mass is the most uncertain quantity
we derive, since it scales with the gas column den-
sity, which in turn scales with the optical extinction,
which itself scales with the measured color excess.

3.2. NICER

The Near-Infrared Color Excess Revisited
method (Lombardi and Alves 2001) is an optimized,
multi-band method. It is designed to address two
of the sources of the statistical errors that the NICE
method recognizes in a uniform way. Firstly, a local
extinction estimate for each star uses a multi-band
approach; secondly, spatial smoothing of individual
estimates introduces three techniques, each specificly
aimed to target one of the sources of errors in the de-
rived total optical extinction.

As we have shown, in the NICE method the
total optical extinction, Ay, is measured by compar-
ing the H — K colors of reddened and unreddened
stars. However, other combination of colors could be
used, e.g. J — H. From the normal reddening low of

Rieke and Lebofsky (1985) the color excess E(J—H)
scales with the total optical extinctions as:

E(J—-H) (J — H)obs — (J — H)int

0.106Ay, (4)

and the extinction is estimated as

N
A 1 obs
Ay =935 | §1 (J — H)o> —

int

J—H) | ()

Which NIR colors combination should be used is not
easy to decide, since both have pros and cons: stars
have a larger scatter in J — H than in K — H, but
the photometric errors on J are smaller than errors
on K. NICER shows that the best choice one can
make is to use all available bands. For each color the
following is valid:

(J*H)Obsi(J*H)intﬁLkl*AvﬁLEl

(H—-K)®» = (H - K)™ 4+ kyx Ay +e2, (6)

where the extra terms e; 2 represent the resulting
photometric error of the estimates of color excess. If
Ay is linear function of the both color excesses,

AV:a+b1*(J—H)Obs+b2*(H_K)Obsa (7)

then the coefficients a, by and by have such values
that two conditions are satisfied: 1) an expected

value of Ay is the true extinction and 2) Ay has min-
imum variance. For technical details of the method
see the source paper reference. Although here is
given only a combination of two particular colors,
any other available bands can be used.

Spatial smoothing is used in order to obtain a
smooth extinction map with high signal-to-noise ra-
tio. Usually we use a weighted mean where the Ay
values for stars close to a specific direction on the
sky are used to estimate the extinction in that direc-
tion. The weight is combination of a spatial term,
usually a Gaussian with the appropriate width and
an error weight which is inversely proportional to the

variance of Ay . Suspected foreground stars are ex-
cluded from the sample by using a sigma-—clipping
criteria or a median estimator. The sigma—clipping
technique is an iterative process: first, Ay is esti-

mated, then all stars that have Ay different by more
than a factor of e.g. 30 4, from the first estimate are
dropped out. The process is repeated until conver-
gence. An alternative for discriminating foreground
stars is to use a weighted median, a robust estima-
tor having (unfortunately) noise properties that are
difficult to study.
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Fig. 1. The color-color diagram for stars in

the control/reference field (top) and for stars in the
L1217/1219 cloud region (bottom). The reddening
due to the dust in the cloud stretches the locus of
stars in the plot.

4. RESULTS AND DISCUSSION

Fig. 1. shows the color dispersion of stars in
the control field and the cloud area. Stars in the
control field are used to set the intrinsic colors and
color dispersions.

The preliminary total extinction maps, Ay, of
the L1217/L1219 area are shown in Fig. 2. For the
NICER map all three bands, J, K, H, are used; the
NICE map is constructed from only H — K colors.
Both maps were spatially smoothed using a weighted
mean Gaussian. With condition of a minimum two
stars in a beam satisfied we achieved spatial reso-
lution of 3’. At this stage, we assumed that the
fair closeness of the cloud (400 + 50pc, Kun 1998)
means that there is no foreground stars contamina-
tion. Table 1. lists the areas with the optical ex-
tinction greater than the values specified in the first
column. The assumed distance to the cloud is 400 pc.
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Table 1.
Ay | L1217 [deg?] | L1219  [deg?]
[mag] | NICER NICE | NICER NICE
0.5 | 0.0332 0.0315 | 0.0193 0.0169
1.0 | 0.0283 0.0276 | 0.0168 0.0135
2.0 | 0.0221 0.0159 | 0.0112  0.0088
3.0 | 0.0112 0.0088 | 0.0074 0.0062
4.0 | 0.0065 0.0055 | 0.0051 0.0047
5.0 | 0.0036 0.0030 | 0.0037 0.0032

Both maps basically give the same values for
the peak column densities: NICER has the maxi-
mum optical extinction of 16.68 (£0.07) magnitudes,
while NICE peaks at 17.4 (£0.1) magnitudes. The
main difference between these two methods, pointed
in Lombardi and Alves (2001) and also visible in
Fig. 2 is the significantly reduced noise level in the
NICER map. This enables us to distinguish regions
with extremely low extinction levels of Ay =~ 0.5
magnitudes. This low gas column density would oth-
erwise be undetectable. Our CO maps (Nikoli¢ and
Kun 2004) of the cloud further confirm this conclu-
sion - namely, the CO molecular cloud is spread over
much smaller area. This, of course, is based on the
observed CO spectra that have ¢ = 0.1 K where we
required a significant emission to be above the 3o
level.

Assuming that the absorption caused by dust
in the Galaxy is linearly related to the hydrogen col-
umn density, as obtained from Lya and Hs absorp-
tion line, spectroscopy of stars withing ~ 1kpc of the
Sun (Bohlin et al. 1978):

N,
“L = 1.9x10%cm 2mag ", (8)
Ay

provides us with a tool to calculate the total gas mass
of a molecular cloud. In the equation Ny is the total
column density of hydrogen atoms, Ny + 2Ny, and
Ay is the extinction in the V-band (Spitzer 1978).
The area which is considered turns out to be critical
for the comparison of masses obtained from the two
methods. L1219, with just a small low extinction
”halo” around the dense core has the total gas mass
of 37 and 31 Mg derived from NICER and NICE,
respectively. With an error estimate of a few Solar
masses, this is an excellent agreement. The discrep-
ancy between the estimated masses in the case of
L1217 is significant, 62 vs. 50 Mg for, again, NICER
and NICE, respectively. If molecular cloud’s mass
were to be calculated as a the total gas mass over
an area with significant extinction, NICER would be
the best method to derive the total spread of the gas.
However, a definition of a molecular cloud/core re-
quires that the optical extinction in the area is above
some threshold level, usually Ay > 4magnitude oqyj
vivalent of the hydrogen number densities that are
> 103cm™3. At this level, the areas defined by the
different methods agree within the errors (see Table
1.), thus canceling advantage of NICER.



DUST DISTRIBUTION IN L1217/L1219: NICE vs. NICER

15

10

Dec (arcmin)

-10

-15

10 5 0
RA (arcmin)

-5 -10

Fig. 2. Total optical extinction of L1217 derived
Grayscale is representative of both panels.

The true value of this method may be in the
”generalization” i.e., simultaneously treated multi-
wavelength data. We plan to apply this method on
the combined 2MASS and MSX (REF) data on some
other cloud (covered by the MSX survey; MSX is the
Midcourse Space eXperiment, a satellite astronomy
experiment which has mapped the entire Galactic
Plane in the 4.2-26 um wavelength range (Price et
al. 2001).
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YRYIITHA OIITNYKA EKCTUHEKIINJA Y IIPABILY MOJIERYJICKOI' OBJIAKA
L1217/L1219 U3BEJIEHA N3 IIBE PA3JIMNYUTE METOJE OIPEBVBAIHA
ERCIHECA BOJA Y BJIMCKOM MH®PAIIPBEHOM JIEJIY CIIEKTPA
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Opuzunasty, HaywHY Pao

Ha ocuoBy u3Benene BpeqHOCTU yKyIIHE OII-
TUUYKe eKCTUHKIM]e, a mosnazenu ox mpernocraBke
Ia pacmomesa HPAIIWHEe y MOJEKYJICKOM ODJIaKy
BEPHO OJCIWKABA PACIOTEJy Traca, y OBOM
pany CMO HPOUEHUIN BEJIUUYUHY U MACY TI'YCTUX
MOJIEKYJICKUX je3rapa y kommiekcy L1217/L1219.
IIpopauyn yKymHEe ONTUYKE €KCTUHKIMjE 3aCHUBA
ce Ha nBe MerTone onpebuBama excieca 060ja
y OJmcKOM WH(ppPAIPBEHOM NIOAPYYjy CIEKTPa,
m3B. "crapgapaua’ (euraecku: NICE) m ”umpo-
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mupena” (emrseckn: NICER) meroma. Pesyu-
Taty mOTBpPDYjy [MOa je CBPCUCXOMHUjEe KOPUC-
TUTU TPOIMIUPEHY METOAY YKOJIUKO YKEJIUMO Ia YO-
uuMO U 00JIACTH MOJIEKYJICKOT obJaka KOjuMa je
CBOjCTBEHa BEOMa MaJia BPEJHOCT ONTUYKE K-
CTUHKIVj€, ONH. KPAjJHEr CIOJBEEr MaCHOT OMO-
Taua obmara. IloBehamem ykymHe mOBpHIUHE
PaCIpoOCTPTOCT MOJIEKYJICKOr obiaka moBehasa
ce U mpopadyHaTa YKyIHA Maca obaaka.



