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Abstract. To investigate the distance and linear dimensions with an optical nebulosity in the Palomar Sky Survey (Goerigk et
the Draco Molecular Cloud (MBM 41) we have obtained newl.[1983). Additional observationsin CO emission (Mebold et al.
CCD photometry for a selection of stars in 20 selected areE385), and more recent observations in soft X-rays with ROSAT
toward the cores of the cloud. The selected areas were chodé¢erbstmeier et al. 1995) have given us greater knowledge of
to coincide with the brightest IRAS emitting portions of theéhe cloud’s composition, temperature, and kinematics, but the
cloud, and also with dens@CO emission from the cloud. Fororigin and distance to this cloud is still very uncertain. It appears
each area we have obtain€dand B photometry, and a subsetas a compact and intricate “cometary cloud”, approximately 5
of the fields has also been observed through a narrow-band ¢étegrees in extent, at galactic coordinates (I=9®£38.0'). The

filter and in theU/ band. cloud is swept back into a number of dense clumps, and is sur-

We present’ andB magnitudes for the 362 stars which haveounded by bright x-ray emission. The unusual appearance of
high-quality observations in both bands. In addition we hatie cloud, and its relatively largé CO velocity (v, = -21 km
derived star counts in thi band using a larger sample of 465%~!) has led many authors to conclude that it may be a molecu-
stars, which is complete to a limiting magnitudd©£19.0. The lar cloud falling into our galaxy from either an extragalactic or
star counts were compared to a galactic model from Bahcall'@alactic fountain’ origin (Odenwald & Rickard 1987). In ad-
Soneira/(1980). Using the galactic model of star counts, slightlition it has a strong X-ray shadow from ROSAT observations,
modified to include the effects of a cloud of arbirary distance aathd may be absorbing X-rays from beyond the local bubble
extinction, we find a best fit to our data with values of £2.5 (Burrows & Mendenhall 1991; Snowden et[al. 1991)
and 800< d < 1300 pc for the Draco molecular cloud. We also  The likely prospect that the Draco cloud is interacting with
report results of photometric spectral classification using tktiee halo of our galaxy near the edge of the X-ray emitting hot
index[V — a], which was found to correlate wellwittB — V'), interstellar medium makes the determination of its distance very
for our photometric standard stars. The modelied V' colors important for understanding the scale heights of both the neutral
of the stellar sample were compared with the catalog valuasid hot components of the interstellar medium.
and the observed colors best matched a cloud distance of d =Mebold et al. (1985) attempted to derive a distance from
110039 pc, with Ay =2.540.5 and R, = 1.5. Our photometry star counts, and determined a distance of 308 < 800 pc.
detects reddening and extinction from the densest portionsfophotometric study by Goerigk & Mebold (1986) increased
the Draco cloud, and it seems likely that the cloud is withithe minimum possible distance tad800 pc, citing the lack of
the range of distances 8G0d < 1300 pc, which correspondsreddening in stars witli < 14. Lillenthal etal.[(1991) attempted
to a height|z| = 640 pc above the galactic plane, and linedo detectthe cloud from absorption lines af ND towardnearby
dimensions as large as 40 pc for the cloud. bright stars, and derived a lower limit to the distance of 180

pc. More recently, Gladders et al. (1998) has derived a distance
Key words: ISM: clouds — ISM: dust, extinction — ISM: generalestimate of463 < d < 618 pc to the Draco cloud based on a
— ISM: structure — Galaxy: halo — techniques: photometric  single detection of Na | absorption from a background star.

In this work we present new CCD photometric observations
of 362 stars with 14 V' < 19 to provide a more complete sam-
ple of background stars which are expected to be at distances
in excess of d> 1200 pc. By combining this photometry with
The Draco molecular cloud is one of the most interesting asthr count models which include halo and disk populations of
enigmatic high galactic latitude molecular clouds known. It wagars, an exponentially stratified | background, and an inter-
first discovered from 21 cm observations, and was identifigzening interstellar cloud of fixed distance and extinction we can
constrain estimates of the distance and extinction of the Draco
cloud.

1. Introduction
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DECLINATION (J2000)

Fig. 1. IRAS 10Qu image of the Draco

10 17h oo™ 50 40 16h qom Cloud, showing the wispy “cometary” na-
ture of the cloud, and the selected areas for
RIGHT ASCENSION (J2000) this work.

Examples of recent works which make use of similar techentained exclusively within regions of the cloud which were
niques include Thoraval et al. (1997), who were able to modaiightin IRAS 10Q:m emission, as well as within regions of de-
small scale structure in clouds using only star counts, and Aeetable emission il CO. Our'2CO maps were derived from
dreazza et all (1996) who report the extinction and structute Bell Labs 10-meter telescope, and were kindly provided in
of Southern dark clouds in Lupus and Corona Australius usdvance of publication by Dr. Marc Pound. A view of the se-
ing star counts. Another study by Magnani & de Vries (1986¢cted areas for our survey may be seenin Fig. 1, which presents
used digitized Palomar Sky Survey prints to derive distancas IRAS 10Q:m image from the ISSA survey (Wheelock et al.
to several high latitude cirrus clouds from an analysis of std®94), and the 20 selected areas indicated on the figure. The
counts. For our star count analysis we make use of the modetvey region concentrates on the Southern edge of the cloud,
of galactic structure from Bahcall & Soneita (1980), to whiclvhich is brightest and presumedly the densest portion of the
we have added an additional extinction term for an interveniotpud. Fig. 2 presents a more detailed view of the region stud-
molecular cloud at an arbitrary distance and extinction. Thied, with the entire field shown from a mosaic of Digital Sky
model was modified from the program ‘galaxy’ available oBurvey plates, and the selected areas indicated. The coordinates
the internet, which was reviewed by Bahcall (1986). With thigznd identifications for the selected area are presented below in
model and our new photometry, we hope to provide a solid baSisct. 3.
for future studies of this fascinating object, and to give the first CCD frames were taken for all of the 20 shown fields in
upper limits for the Draco cloud distance based on deep C@ie V' and B filters during the first night, and a subset of these
photometry. fields was observed during the second night inlth&”, B, and

Ha filters. The filters used were multilayer custdm B, and
V filters designed by Dr. Jim Schombert of Caltech. The H
2. Observations filter was a 10 nm wide narrow-band filter centered at the rest

Our observations were taken during the nights of June E@velength of 6562

and June 30, 1993 at the Palomar Observatory, using the 1.15-Ea(f:_r field V\éaz ok?§ervefd for at least 10 bmmgtes_m each
meter telescope and Palomar 6 Tektronix CCD camera, using 4'¢ 11ers, and duplicate frames were combined to improve
e detectability of fainter stars. A summary of the observa-

1024x1024 array with 24 micron pixels and low readout noi
y b jons is presented in Table 1. The fields were flat-fielded using

(8.2 ). The telescope and CCD provide a field of view of 6. fat q . dbi foot P
arcminutes, with a plate scale of 15.48 arcsecs/mm. The limi gme Tlats and comic-ray and bias ofISets were removed from
e images. Instrumental magnitudes were obtained using the

field of view of the CCD allowed us to select fields which wer
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Fig. 2. Digital Sky Survey of the central
Draco Cloud Region, showing in more
54 50 16h 46™ detail the locations of our CCD fields
observed with the Palomar Observatory
Table 1. Summary of observations spaced by the CCD field of view, and centered on the position
at 16"45™30.24°, +-60°18'07.56” where radio maps indicate
Night N(stars) Nf(fields) Filt.  Exp. the peak of CO emission from the Draco Cloud. The arrange-
1 465 20 V.  600s ments of the CCD fields is shown in Fig. 2, which includes a
1 362 20 B 600 s digitized POSS image of the region near the Draco Cloud.
2 75 7 Ha 600s During the first night observations CCD photometric stan-
2 75 7 U 1200s dard stars from Landolt (1992) were observed frequently at var-
2 75 7 B  600s ious airmasses to allow for removal of extinction and to de-
2 7% 7 V. 600s rive transformation coefficients for converting the instrumental

! These 362 stars with god8l andV photometry form the basis of the r_nag_nitudes i”tP the standard Johnanqnd V' colors. Ex-
catalog in Appendix A. The 465 stars with magnitudes were used tinction corrections were performed using the standard star

for star-count analysis. PG1525+071 observed at three different airmasses, and a lin-
2 These 75 stars with detectable UaHB andV flux form the basis ear least squares fit to the instrumental magnitudes indicated
of Appendix B. that the extinction correction for the range of airmass in our

observations i8V < 0.1 magnitudes.
A total of 47 separate standard star observations during the
DAOFIND and DAOPHOT routines in IRAF, after carefullyfirst night were used to perform a linear least squares fit between
adjusting aperture sizes and testing background subtractionirétrumental and Johnsdn and B magnitudes. The transfor-
gorithms. Table 2 summarizes the fields studied. The 20 seation coefficients are defined by:
lected areas were chosen for their proximity to the dense cores
in the Draco cloud, and were arranged in a grid of pointingd =v + ¢(B — V) + Cy (1)



B.E. Penprase et al.: Optical observations of the Draco molecular cloud. |

Table 2. Coordinates of selected area CCD fields

FieldNo.  «(1950) 5(1950)

1 16"45™30.24° +60°18'07.56”

2 16"45™30.24° +60°24'22.32”

3 16"46™20.64° +60°18'07.56”

4 16"46™21.00° +60°24'22.32” B

5 16"46™21.00° +60°30'37.44” =

6 16"47™11.04° +60°18'07.56” =

7 16"47™11.10° 4+60°24'22.32”

8 16"47™12.12° +60°30'37.44”

9 16"48™00.00° +59°59'22.56”

10 16"48™51.48° +60°11'52.44”

11 16"48™50.76° +60°05'37.68”

12 16"48™50.04° +59°59'22.56” ! ‘ |

13 16"49™48.00° +60°55'37.56” 10 5 20

14 16"49™48.72° +61°01'52.32” Y maaniue

15 16"50™39.48° 4+60°55'37.56”"

16 16"50™40.56° +61°01'52.32” 60 B
17 16"53™21.84° +61°26'52.44” 1
18 16"53™23.64° +61°33'07.56” ]
19 16"54™14.04° +61°26'52.44” i
20 16"54™16.20° +61°33'07.56”

Table 3. Transformation coefficients for BV photometry

N (stars)

40

20

715

Night € Cy I Cp_v
1 0.08(.026) 3.74(.035) 0.96(.038) —0.13(.037) i |
2 0.12(.029) 3.70(.040) 1.00(.050) 0.11(.050) i ]

L

# Uncertainties indicated in parentheses e
0 0.5 1 15 2

B-V magnitude

) Fig. 3. (above) Histogram of th&” magnitudes for the 362 stars of the
catalog in Appendix A (solid line), and the 465 stars witmagnitudes
ashed line). (below) Histogram of the@ — V' magnitudes for the
alog.

B—V:u(b—v)+03_v

where small letters indicate instrumental magnitudes, and g
transformation coefficients,;,Cy, andCpg_y are presented
in Table 3. The transformation to the standard system appears
accurate for our standard stars to within 0.1 magnitudes over Fig. 4 shows a comparison betwemagnitudes between
the range of values of -0.25 B — V < 2.5. the two nights, using the transformation coefficients in Table 3.
A total of 465 stars were measuredlinfor the first night, The two nights agree to well within the uncertainty of 0.1 magni-
and these stars were used for the star-count analysis of Sedu@es, although there appears to be a systematic offset between
A slightly smaller sample of 362 stars had good photometry the two nights of 0.04 magnitudes IA. We believe that the
the B band, and” andB — V magnitudes are presented for thisystematic error arises from the night 2 photometry, which had
sample in Appendix A. A histogram df magnitudes for the fewer standard star observations than the night 1 photometry.
362 stars of the catalog (solid line), and the 465 stars With  Fig. 5 shows a comparison betweBn- V' colors between
magnitudes (dashed line) is presented in Fig. 3a, while a similbe two nights, using the transformation coefficients in Table 3.
histogram ofB — V" magnitudes of the 362 stars in our cataloghe two nights again agree to within the uncertainty of 0.1
is presented in Fig. 3b. magnitudes, with a similar small systematic offset between the
During the second night, we observed a subset of stars intalb nights of 0.04 magnitudes.
four passbands, B, V', and Hx. The quantum efficiency forthe  In addition to the standartl and B — V' magnitudes, we
CCD was too low to allow for useful determinationléf- B for  have derived an inde/ — o] which combines the observa-
all of the stars, so we extracted magnitude§ iV, B,andH« tions at by with theV magnitude. The H counts for each star
for the 75 stars in 7 fields which had detectalilenagnitudes. were converted to instrumental magnitudes, and for simplicity
The results for these stars are presented in Appendix 2, anda5used the same transformation constantf@ getting thex
of these stars were included in the larger catalog of Appendixrhagnitude. Thél” — o] index was observed as a possible basis
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Fig. 4. Comparison betweeW values derived from the two nights of Fig. 5. Comparison ofB — V' colors derived from the two nights of
photometry, using the sample of stars common to both nights withotometry, using the stars common to both nights with detectable
detectabld/ fluxes. With the exception of a systematic offset of 0.0&/ fluxes. Again, a systematic offset of 0.04 magnitudes is seen, but
magnitudes, the two nights agree to well within the stated photometifi® photometry is consistent within the estimated uncertainty of 0.1
uncertainty of 0.1 magnitudes. magnitudes.

for photometric classification, and can be used to detect ch-r%l-b le 4.Line of sight distance for=18

mospherically active stars (Grebel et al. 1992). We also disc
the effects of reddening on th& — o] index and its possible
use for photometric spectral classification in Sect. 3.3.

S
%bp.Type My dgs—vy=0 drp(B-v)=0.25
5 1.9 16600 11600

F5 3.3 8700 6100

G5 5.2 3630 2540
3. Results K5 7.3 1380 960

M5 12.8 110 80

3.1. Photometric catalog df and B — V for stars

toward the Draco cloud ) ) )
# Distances based aily values from Mihalas & Binney (1981).

The results of the CCD photometry are presented below in Ap-

pendix A and B for nights 1 and 2, respectively. Appendix A

presents coordinates of the stars andithend B — V' magni- 3.2. Photometric determination of the Draco cloud distance
tudes from the night 1 photometry. All the coordinates in Ap-

pendix A have been checked against the Digital Sky Survey” . . : X
Images, and we have found that the accuracy of the coordind just the photometric observations, based on the assumption

is typically 3 arcseconds or better. This catalog contains 3 tthe sample is deep enough to probe to very large distances.

stars which appear toward the densest part of the Draco cmE‘a,Q'VG an overview of t_he depth of our program stars, Tab_le 4
in the selected areas indicated in Fig. 1 and Fig. 2. presents the expected line of sight distances for several main se-

The photometry for the second night includes valueg pf quence stars ofdiffere_ntspectral types, ata magnitutie=as,
B —V,and[V — a, for the subset sample of 75 stars, and and at two representative valuestafB — V') for the foreground

presented in Appendix B. Many stars in Appendix B were n8{ thg Draco Cloud. , o

included in Appendix A, since the field centers of the secon Itis clear from Table 4 that the magnitude limit of our sam-
night did not coincide exactly with those of the first night. ThB'®: V:1.9, should_be more than a(_jequate_ to detect the Draco
stars in Appendix B were selected to have good quélity, as Nebula in ab_sorpt|0n. In_ the following sect|on§ we present re-
well asB andV observations. Appendix B presents a compaﬁ-uns that estimate the distance to the cloud using two mgthods.
son of the photometry between the two nightsifaand B — V/, Sgct. 3.3 presents the results of our tests of photometnp clas-
and coordinates of these 75 stars as measured against the |'é'ff)at'°n of our program stars using a calibration of the index

centers of the second night’s data. The stars in Appendix B - O‘]_to estlma_te(B —V)o. Sect. 34 pr_esents_ mOd?'S of the
include a mixture of early-type stars, and late-type stars Wﬂ{unts mV_ magnitudes of the sgmple using gs!mulatlon of star
active chromospheres, as they were selected for high fiti innumbers in the galaxy which includes realistic treatments of

B and Hx. Further spectroscopic work is underway to test thgellar populations, and straﬂﬁcgthn W]Tﬁ- Sect. 3.5 pre;ents
possibility. models of the expected color distributions®f— V' resulting

front the same model, which is capable of constraining both the
distance to the cloud, and the ratio of total to selective extinc-

have attempted to derive the distance to the Draco Cloud us-
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Fig. 6. Calibration of the photometric indg¥” — o] against the known Fig. 7. Calibration of the synthetic photometry indidés— «] against
values of(B — V'), for the 10 standard stars with MK spectral typeshe known values of B — V'), for 122 stars with unreddened digital
from the second night. spectra in the atlas of Jacoby et @l. (1984). The luminosity class of the
star is encoded by the plot symbol: crosses indicate &fassangles
indicate class Ill, and diamonds indicate class I. The slope of the rela-
tion, Ry-. With the combination of methods we have detected tiien for the stars was found to be.pa;, = 1.584, in excellent agreement
extinction arising from the Draco cloud. This gives a basis forth the calibration photometry of our standard stars.
preliminary distance estimate, and by comparing the methods,
we can derive and estimate for the uncertainty in this estimate.
slope to the data in Fig. 7 was found to bg,m=1.584+ 0.1,
3.3. The[V — o] index and photometric spectral classiﬁcatior\]’\'hich 's in excellent agreement with the calibration from our
standard stars shown in Fig. 6.
The narrow-band H flux will depend strongly on MK spec-  While we believe thatthe calibration 3f —«] and(B—V),
tral type for stars due to the decreasing Balmer hydrodgen lings been determined for a sample of unreddened stars in the
strengths for spectral types O-B-A, and less so for stars later thégs. 6 and 7 above, a more difficult problem arises from the
F. As such the inde}/ — o] could potentially be a useful tool reddening of thélV” — «] index. The[V — o] measurement is
for photometric spectral classification. THé — «] index has less susceptible to reddening thBn- V, and using a standard
been used previously to photometrically detect Be stars (Grebetinction curve (Cardelli 1989), one predicts thatf4B — V')
etall1992) and was shown to be strongly correlated ivitty, = 0.1, the[V — o] index is reddened by a value %[V — o)
and highly sensitive to chromospheric activity. If a calibrated 0.078. The result is a reddening vector in ie- V[V — o]
dependence betwe¢W — «] and(B — V'), can be shown for plane with a slope of m; = 1.28, which is very close to the
chromospherically inactive stars itis possible in principle to uskerived slope of m,;;, = 1.58 in the[V — o] and (B — V)g
just the measured values 8f— V and[V — «] to derive val- calibration. It is therefore very difficult to apply tH& — «]
ues of(B — V), after correcting for the effects of reddeningindex for photometric spectral classification without extremely
We have performed a few experiments to test the feasibility afcurate photometry to enable dereddening of the obsétved
this technigue for determining the distances to the stars in ddj{V — «] colors. It is however possible in principle to solve
sample. for E(B — V), using the observe® — V[V — «] colors and
To check the dependence betwéeh— o] and(B — V), the reddening vector.
we used the ten Landolt standard stars observed in the secondVhile in some respects tH& — «] index may be useful
night, which were assumed to be unreddened. Fig. 6 showkaphotometric spectral classiciation, we conclude that for the
plot of the very strong linear relation betwe@i — o] and stars in the present work, the combination of photometric uncer-
(B—V), forthese stars, which sampled a wide range of specttainties and variations in reddening (along with the possibility
types. The best fit line between these two indices correspondé@hromospheric activity in the stars) makes fiie— a] un-
to (B — V) = 1.5753x [V — o] - 0.6607. We believe that reliable for determiningB — V'), andMy,. We have included
these bright standard stars in our sample are unreddened thiglanalysis to explore the applicability of this index for future
free from chromospheric activity, but must acknowledge thphotometric classification projects, where it may be useful for
either effect would disrupt our calibration. We have performextudying chromospherically inactive stars of uniform or little
some analysis of the effects of lumunosity class, using a librasddening. Thél” — o] index could therefore be applied toward
of stellar spectra, and an analysis of ffie — «] index with the photometric classification of early-type stars too faint for
synthetic photometry. No significant differences in fiie— o] traditionaluvby or U BV photometry which are unreddened, or
index were found as a function of luminosity class, and the fittéala cluster of known reddening.
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Fig. 8. Results of star-count models at the coordinates of the DraE@. 9. Results of a star-count model, which includes the effects of an
nebula, to test the effects of varying the scale height of HI and the giamierstellar cloud at several distances ranging from distances of 500-
branch colors used in the simulation. These models do not include #890 pc, and a totally of 0.5 magnitudes. The measured star counts
effects of an intervening interstellar cloud and show that the modelsd their uncertainties are indicated on the plot for two different bin-
are insensitive to the effects of the other variables. Included in the plaiags ofi” magnitudes — 0.5 magnitudes (crosses) and 0.75 magnitudes
are the measured star counts from our samples; the star counts (atats).

uncertainties are indicated on the plot for two different binnings  of

magnitudes — 0.5 magnitudes (crosses) and 0.75 magnitudes (stars),———— - Scole Height=100, Cloud Bxtinction=10

3.4. Derivation of cloud extinction and distance
from star count models

We have also used a model of the galaxy from Bahcall & Soneira
(1980), which predicts observed star counts and colors at any
galactic coordinates. We have modified this model to include
the effects of a high latitude cloud, which is considered as’a
slab of gas at a given distance and extinction. ,

In our simulations we have included three populations of
stars to model the galactic star counts at the galactic coordi-
nates (1=90.0,b=38.7) near the center of the Draco nebula. We
include stars from the disk, bulge and halo, with giant branch ,
colors adopted from the globular cluster M13. Our models in-[_.~
clude an exponentially stratified HI layer of scale height= b " " Vegrie *
100 pc. Further details on the model can be found in Bahcall .10. Results of a star-count model, which includes the effects of
Soneira/(1980). We then compute the effects on the star coul§oyq at several distances ranging from distances of 500-2000 pc,
with the addition of an interstellar cloud as a function of cloughg a totaldy of 1.0 magnitudes. The measured star counts and their
distance, extinctiomy,, and total to selective extinctioRy . uncertainties are indicated on the plot for two different binning® of
The modelled star counts were then compared with the obserwednitudes — 0.5 magnitudes (crosses) and 0.75 magnitudes (stars).
star counts in our CCD fields.

Our CCD photometric sample for the star counts includes
465 stars with good” magnitudes, which is a superset of theample size in each magnitude range. The smaller error bars for
stars included in Appendix A. The data in Fig. 8-12 include twithe 0.75 magnitude bins reflect the larger number of stars within
binning modes i/ magnitudes: a bin size of 0.5 (crosses) each bin.
and bin size of 0.75 magnitudes In (asterisks). Error bars  In Fig. 8 we present the data from our star counts, and the
for each bin were computed from the Poisson statistics of tiredelled star counts without an intervening interstellar cloud,

distance=500
- - - — distance=800
77777 — distance=1100
—---—--- distance=1500
— — — distance=2000
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Fig. 11. Results of a star-count model, which includes the effects Bfg. 12. Results of a star-count model, which includes the effects of
a cloud at several distances ranging from distances of 500-2000 @cloud at several distances ranging from distances of 500-2000 pc,
and a totaldy of 2.0 magnitudes. The measured star counts and thaird a totaldy of 3.0 magnitudes. The measured star counts and their
uncertainties are indicated on the plot for two different binning® of uncertainties are indicated on the plot for two different binning® of
magnitudes. magnitudes.

while varying some of the other parameters in the model (scale The variation of any of these parameters was found to have
height and giant branch colors). Fig. 8 shows that the star coaritignificant effect on the predictdgi— V' colors, and for most
models are insensitive to these parameters, and that the modelges we tested, the colors predicted were bimodal, with alarge
do not match the data well without including the effects of tHeeak in the histogram for values 8f— V' < 0.9, and a separate
absorbing interstellar cloud. red peak forB — V' > 1.5.

Figs. 9, 10, 11 and 12 show models which include the ex- An examination of the observegl— V' colors of our sample
pected star counts with an intervening interstellar cloud atsgen in Fig. 3 and Fig. 13 shows a similar, less pronounced bi-
range of distances from 500 d < 2000 pc, at values of cloud modal distribution of colors than predicted in the models. This
extinction A, of 0.5, 1.0, 2.0, and 3.0 magnitudes, respectivelflay be caused by our selection of stars which have both de-

It is possible to see from Figs. 8-12 that the effects of tHectable3 and V' magnitudes, which may remove several of
cloud are detected in our star counts, and that the best fit modBfsreddest stars in the sightline if oBrlimiting magnitude is
are found with clouds that have extinction in the range 4.0 (s expected) brighter than thé magnitude. For this reason,
Ay < 3.0 and distances in the range of 88@ < 1500 pc. Of We have emphasized the modelled colors of the bluer stars in
all the models considered, our star-counts are most consis&¥nparing with our observeft — V" distributions.
with the values of 2.0< Ay < 3.0 magnitudes, ahd = 1100 Suprisingly, only one set of the parameters g;,Aand R,
pc. We have adopted the value of A2.5-+0.5 magnitudes to matched the bluer peak in the color distribution well. We present
indicate the range of values for which the star counts provifleFig. 13 a plot of a few of the models using the mean value
acceptable fits to within our estimated uncertainties. of Ay = 2.5 derived from the star-count analysis. Fig. 13 shows

the observe® — V' color histogram for the sample of Appendix

. A, and the modelled fit for & = 2.5 and the default{=3.0 at

3.5._Theoret|caIB — V colors for stars and effects the distancefod = 1100 pc. Additional lines in Fig. 13 show the
of distance, A and Ry modified fits using R = 1.5, at a range of distances from 800
In addition to the counts of stars as a function of brightness, #2000 pc. With the exception of the large peak in the number
also have modelled the theoretical colors of a sample of st@fged stars in our model, good agreement in the colors is seen
within this same region. Additional free parameters, such as fie¢ the A,,=2.5 model with R- = 1.5 and d = 1100 pc.
ratio of total to selective extinction,jR and the magnitude limit
of our sample in thé3 passband, need to be evaluated in ordﬁr
to estimate the colors in the sample. '

The colors of the sample of stars were derived using theom our CCD photometric observations, we believe that we
same modified Bahcall and Soneira model, with the additiorfsdve convincingly detected evidence of extinction from the
free parameter of R. A range of distances from 880d < 2000 Draco cloud within our sample, and have some preliminary ba-
pc was evaluated, over several values of extinction ranging frais for estimating the distance to this object. In addition, our
1.0< Ay < 3.0,andvalues of Rranging from 1.5< Ry < 9.0. photometric catalog of stars is large and deep enough that we

Conclusions
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Table 5. Appendix A:V andB — V values and coordinates for the program 8tars

Object V B—V R.A.(1950) Dec(1950) Object V B-V R.A.(1950) Dec(1950)

PRHBI165335 + 612921 11.85 0.64 16"53735.56° 61°29 21.10" PRH B164931 + 610056 11.96 0.93 16"49™31.93° 61°0'56.25”
PRHBI64757 + 602059 12.37 0.69 16"46™57.90° 60°20 59.86" PRH B165410 + 612852 12.39 0.72 16"5410.59° 61°28 52.66”
PRH B164909 + 600532 12.55 1.05 16"49™9.55° 60°5 32.57 PRHB164648 + 601548 12.71 0.78 16"46"48.53° 60°15 48.30”
PRHB164816 + 595915 13.29 0.66 16"48™16.47° 59°59 15.71" PRH B164615 + 602944 13.35 1.06 16"46™15.88° 60°29 44.85”
PRHB164636 + 601650 13.58 1.11 16"46™36.63° 60°16 50.64" PRH B164940 + 605750 13.79 1.33 16"4940.34° 60°57 50.00”
PRHB164649 + 602032 13.82 0.76 16"46™49.24° 60°20 32.45" PRH B164958 + 601438 14.01 0.67 16"4858.97° 60°14 38.47”
PRH B164926 + 605638 14.02 0.61 16"49"26.89° 60°56 38.52" PRH B164852 + 601220 14.05 0.73 16"4852.09° 60°12'20.09”
PRHB165051 + 605551 14.12 0.84 16"50™51.18° 60°55 51.68° PRHB165023 + 610500 14.17 0.88 16"50™23.19° 61°5 0.95”

PRHB165350 + 612530 14.28 0.62 16"53™50.94° 61°25 30.57" PRH B165004 + 610423 14.42 0.64 16"50™4.65° 61°4 23.94”
PRHB165004 + 610345 14.43 0.79 16"50™4.40° 61°3 45.46° PRHB164716 + 601923 14.44 0.66 16"47™16.30° 60°19 23.23”

3. The use of the photometric indBX — ] is a possible tech-
nigue for photometric classification of faint, unreddened,
chromospherically inactive early-type stars for whialby
photometry may be difficult, but high precision photometry
and/or a reddening free index may be needed to accurately
calculate the reddening toward the sightline.

4. Preliminary indications indicate that the Draco nebula is
detected from photometric reddening of our sample, with a
best fit distance of d=110d5) pc, and extinction A=2.5
+0.5 magnitudes.

| 5. The predicted3 — V' colors from our star count models are

i ! 1 most consistent with a sample of stars with a limitivig

60 —

\R=15
g d=2000pc S
40 /

N (stars)

20 [— /

L l" 1 magnitude of’=19 and a brighteB limiting magnitude of
o B =18, which detects absorption from the Draco Nebula at
0 05 1 15 a distance of 80&: d < 1100 pc, and with a cloudR=1.5

B-V magnitude

+0.5, and extinction of A-=2.5 magnitudes.

Fig. 13.ModelledB -V colors for the sample usingiA superimposed 6. Our catalog o/, B — V, and[V — a] magnitudes for the
onthe observed colors from the Appendix A, for afixed cloud extinction Draco nebula should be a valuable tool for future spectro-
Ay =2.5, and a range of values of cloud distance and Fhe default scopic and polarimetric studies of the cloud.

value of R,=3.0 was unable to duplicate the observeéd- V' colors

(dashed line). The best fit is seen for d=1100 pg=R.5, and R-=1.5 . .
(solid line). The lack of a large number of observed starBat V/ We also would like to note that with the above values of

> 1.5 probably results from a brighter limiting magnitudesnthan ~ distance, R, and A, the Draco cloud is quite an exceptional
in V, which would prevent inclusion of many of the faint, redder sta@bject. The dense clumps in the cloud have angular sizes which
predicted in the model. range from 2 to 20 arcminutes, which correspond at d=1100

pc to linear dimensions of 1=0.65 to 6.5 pc. Indeed the largest

‘plumes’ of this cometary cloud are close to 2 degrees across,
should have several included stars which are in the backgrowwﬁch would Correspond to a linear dimension of 38 pc at the
of the cloud. adopted distance. This would make the Draco cloud a very large

This work forms a basis for further observational studies @bject indeed, more Comparab|e in size to ga|actic p|ane giant

the Draco nebula, using more accurate spectroscopic and polgydiecular clouds than typical high latitude clouds, and at a scale
metric techniques upon the stars in our catalog to constrain F’ﬂﬁght\z| = 640 pc which is well above the typical scale height
distance and other properties of the cloud. We may summargeo pc for molecular clouds in the galaxy.
the results of this work below. Additional observations and theoretical work are clearly

needed to provide more accurate constraints on the possible

1. We have presented a photometric catalog which includ@gss, origin and internal conditions of the Draco nebula, which
sufficient depth (V> 19) to detect the Draco nebula if it is

a galactic ObJeCt'_ . 1 Appendix A and B are also available in electronic form at the
2. Astrong correlation between the photometric infléx-a]  cps via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
and(B — V'), is found for our standard stars. http://cdsweb.u-strasbg.fr/Abstract.html
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Table 6. Appendix B: Stars with complet€, B — V, U — B, and[V — a] photometry, and comparison with night 1

Object V(nl) B—V(nl) V(n2) B—V(n2) U—-B [V —a] R.A.(1950) Dec(1950)

PRHB164540 + 602042 17.34 0.80 17.26 0.73 0.07 0.79 16"45™39.84° +60°20 43.36"
PRH B164510 + 602015 17.83 0.66 0.27 107 16"45™10.05° +60°20 15.13"
PRH B164531 + 602012 17.29 0.94 0.08  1.12 16"45™31.11° +60°20'12.58
PRH B164508 + 601945 14.31 0.76 0.33  0.95 16"45™08.49° +60°19 45.52"
PRHB164509 + 601831 15.88 0.63 0.02 0.85 16"45™09.35° +60°18 31.57"
PRHB164507 + 601817 ... 15.41 0.62 0.11 091 16"45™07.66° +60°18 17.42
PRHB164516 + 601758 16.53 0.85 16.47 0.83 0.29  0.95 16"45™15.93° +60°17 58.74"
PRHB164532 + 601750 15.31 1.00 15.27 0.98 0.79  1.13 16"45™31.78° +60°17 51.01
PRHB164540 + 601703 16.54 1.02 16.51 0.93 041  1.01 16"45™39.62° +60°17 03.58
PRHB164518 + 601546 16.91 1.75 17.88 0.87 148  0.94 16"45™17.25° +60°15 46.917
PRHB164540 + 601522 ... 18.02 0.71 0.93  0.75 16"45™40.55° +60°15 22.93"
PRHB164543 + 602726 16.49 0.85 16.42 0.80 0.24  1.01 16"45™42.09° +60°27 26.27
PRHB164537 + 602713 17.06 0.81 16.99 0.85 0.38  0.93 16"45™36.22° +60°27 13.20"
PRHB164517 + 602648 14.50 0.76 14.44 0.74 0.28 097 16"45™16.11° +60°26 48.38
PRH B164506 + 602603 15.79 0.69 15.75 0.67 0.22 091 16"45™05.53° +60°26 03.16"
PRH B164631 + 602002 12.28 0.61 ~0.30  0.95 16"46™31.39° +60°20 02.95"
PRHB164611 + 601904 18.47 0.48 —1.44 1.02 16"46™11.61° +60°19 04.88
PRHB164638 + 601839 ... 16.19 0.86 0.33  1.03 16"46™38.46° +60°18 39.04"
PRHB164614 + 601807 15.79 0.83 15.74 0.83 0.28 1.00 16"46™12.35° +60°18 07.12
PRH B164607 + 601736 18.22 0.68 0.54  1.12  16"46™07.44° +60°17 36.06"
PRHBI164613 + 601715 ... 18.22 0.67 0.03 0.78 16"46™13.01° +60°17 15.44"
PRHB164636 + 601650 13.58 1.11 13.54 1.10 0.95 1.21 16"46™35.44° +60°16 50.65"
PRHB164627 + 601647 ... 13.59 1.10 0.74  1.16 16"46™27.10° +60°16 47.65"
PRH B164620 + 601522 14.46 0.86 14.43 0.84 0.60 1.00 16"46™20.83° +60°15 27.44"
PRH B164615 + 602720 14.56 0.48 0.02 0.81 16"46™15.33° +60°27 20.01"
PRH B164622 + 602541 16.52 0.70 0.26  0.87 16"46™22.20° +60°25 41.15
PRHB164607 + 602445 16.99 0.85 0.69  0.97 16"46™07.04° +60°24 45.54"
PRH B164601 + 602430 15.39 0.94 0.37  1.09 16"46™01.36° +60°24 30.49
PRH B164614 + 602419 14.87 0.91 0.36  1.02 16"46™14.43° +60°24'19.36"
PRHB164634 + 602257 17.03 0.82 —0.55 0.80 16"46™34.07° +60°22'57.90"
PRHB164555 + 602228 ... 16.65 1.02 0.72 118 16"45™55.88° +60°22'28.65"
PRHB164617 + 603342 15.08 0.77 15.04 0.74 0.39  0.96 16"46™16.37° +60°33 37.99"
PRHB164604 + 603324 15.69 0.58 15.64 0.57 0.12  0.82 16"46™03.07° +60°33 19.53"
PRHB164616 + 603154 17.56 0.45 17.52 0.44 —0.29 —0.11 16"46™14.96° +60°31 49.93
PRHB164640 + 603136 16.96 0.86 16.91 0.85 0.45 1.03 16"46™39.47° +60°31'32.11"
PRHB164634 + 603055 18.43 0.76 18.48 0.62 0.98 046 16"46™33.22° +60°30'50.79
PRHB164615 + 602944 13.35 1.06 13.31 1.03 0.88  1.09 16"46™14.76° +60°29 40.52"
PRHB164605 + 602943 16.41 0.48 16.39 0.43 024 0.68 16"46™04.42° +60°29'39.62"
PRHB164615 + 602924 16.05 0.64 16.03 0.59 0.01 085 16"46™14.77° +60°29'20.08
PRHB164638 + 602813 16.30 0.78 16.29 0.71 0.32  0.92 16"46™36.99° +60°28 09.32"
PRHB164648 + 602126 ... 16.58 0.83 0.07 1.54 16"46™48.13° +60°21'26.43
PRHB164657 + 602059 12.37 0.69 12.52 0.54 —0.03 1.07 16"46™56.72° +60°20'57.29"
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Table 6. Appendix B: Stars with complet€, B — V', U — B, and[V — a] photometry, and comparison with night 1 (continued)

Object V(nl) B—V(nl) V(n2) B—V(n2) U—-B [V —a] R.A.(1950) Dec(1950)
PRHB164648 + 602029 ... 13.78 0.75 0.38  0.94 16"46™48.04° +60°2029.90"
PRHB164715 + 601945 16.77 0.44 16.74 0.41 —0.05 0.56 16"47™13.90° +60°19'42.39"
PRHB164650 + 601935 ... 16.51 0.57 0.23  1.03 16"46™50.73° +60°19 35.48"
PRHBI164716 + 601923 14.44 0.66 14.39 0.65 021 088 16"47™15.12° +60°19'20.49
PRHB164712 + 601805 15.14 0.86 15.09 0.85 0.60  0.65 16"47™11.47° +60°18 03.07"
PRHB164647 + 601545 12.77 0.68 0.44 1.06 16"46™47.34° +60°15 45.72
PRH B164658 + 602651 17.81 0.86 0.31 111 16"46™58.59° +60°26 51.10"
PRHB164729 + 602541 15.16 0.60 0.11  0.87 16"47™29.92° +60°25 41.50"
PRHB164713 + 602530 17.97 0.68 ~0.03 1.11 16"47™13.34° +60°25 30.38
PRHB164701 + 602529 13.23 0.62 0.19  0.83 16"47™01.70° +60°25 29.21"
PRHB164708 + 602412 15.85 0.61 0.02  0.84 16"47™08.19° +60°24 12.45"
PRHB164650 + 602317 16.00 1.16 1.29  1.18 16"46™50.68° +60°23 17.57
PRHB164720 + 602246 16.22 0.51 —0.08 0.79 16"47™20.82° +60°22'46.54"
PRHB165016 + 610233 14.62 0.70 0.32  0.93 16"50™16.81° +61°02'33.75"
PRHB165044 + 610258 15.75 0.60 0.08 084 16"50™44.92° +61°01'58.97
PRH B165044 + 610128 18.08 0.46 —0.85 1.18 16"50™44.12° +61°01'28.97
PRH B165035 + 610050 15.05 0.79 0.18 097 16"50™35.41° +61°00'50.82
PRHB165044 + 610002 ... 17.61 1.06 0.19 135 16"50™44.66° +61°00 02.75"
PRHB165349 + 613011 16.86 0.84 16.82 0.79 0.26 1.01 16"53™48.62° +61°3010.54"
PRH B165429 + 612902 17.36 0.58 17.43 0.46 —0.17 0.85 16"54™28.37° +61°29'01.13"
PRHB165410 4+ 612852 12.39 0.72 12.40 0.63 0.08 0.96 16"54™09.41° +61°28 51.64"
PRHB165423 + 612807 17.33 0.76 17.28 0.71 —0.15 0.81 16"54™21.82° +61°28 06.42
PRHBI165355 + 612730 15.79 0.91 15.74 0.92 0.80 1.03 16"53™54.35° +61°27 29.67
PRHB165356 + 612642 15.88 1.43 15.87 1.41 1.15  1.53  16"53™54.99° +61°26 41.26"
PRHB165406 + 612615 16.22 0.90 16.16 0.85 0.34  1.02 16"54™05.65° +61°26 14.39"
PRHB165405 + 612546 17.34 0.91 17.31 0.82 0.31  1.12 16"54™03.86° +61°25 45.04°
PRHB165349 + 612529 ... 14.24 0.60 0.05 0.83 16"53™49.74° +61°25 29.53"
PRHB165428 + 612516 15.91 0.89 15.85 0.90 0.48  1.04 16"54™27.22° +61°2514.83
PRH B165436 + 612419 15.69 0.85 15.64 0.82 0.31  0.94 16"54™35.52° +61°24'18.36"
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