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Abstract. Interstellar absorption in the galactic plane is highlgtudy on stellar kinematics from Hipparcos observations and
variable from one direction to another. In this paper colour egpen cluster (Chen et al, 1998), we need a reliable extinction
cesses and distances from a new open cluster sample are usetbtdel at low galactic latitudes.

investigate the spatial distribution of the interstellar extinction. ) o )

An inverse method (Tarantola & Valette, 1982) is used to con- N€ckel & Klare (1980) derived extinctions and distances for
struct the extinction map in the galactic plane be|bjas 10°. more than 11000 s_tar; and investigated the spatial distribution of
The A,(r,1) diagrams are compared with those derived frome lnte_rstellar extinction q\jb| < 7.6°. Their results are shown
individual stars (Arenou et al. 1992, Neckel & Klare 1980). Al @series of diagrams. Using alarger sample (about 17000 stars)
analytic expression for the interstellar extinction as a functidifth MK spectral types and photoelectric photometry, Arenou et
of galactic longitude and distance in the solar neighborhoodk (1992) (hereafter AGG92) constructed an extinction model
given. The comparison of the model predictions with Hippal? Which the sky was divided into 199 cells. In each cell, a
cos observations in the 4-dimensional spacdQfg — V, H,, quadratic rela.t|on_was adopted..Thls extinction model will be
r) shows that our extinction model provides a better fit to t{B€ reference in this paper. Hakkila et al. (1997) have developed

data. However, a new and more detailed extinction model is sgiFomputerized model of large-scale visual interstellar extinc-
lacking. tion. The code merges several published studies (FitzGerald

1968; Neckel & Klare 1980; Berdnikov & Pavlovskaya 1991,
Key words: methods: statistical — ISM: dust, extinction _AGG92; etc.), and can be used for making corrections to indi-
Galaxy: open clusters and associations: general — Galaxy: s§igHa! observations and for correcting statistical sample. With
neighbourhood extinctions determined from Stmgren photometry and paral-
laxes from Hipparcos for a sample of 3799 stars, Vergely et al
(1997) have constructed a three dimension distribution of ab-
sorbing matter in the solar neighbourhood. However, all these
authors use similar dataset (stars along with their correspond-

The light extinction caused by the interstellar medium in tHB9 colors, magnitudes, and spectral/morphological classifica-
solar neighborhood alters the apparent brightness of the sti¢8 types) so that the results are not statistically independent
and thus their intrinsic properties (absolute magnitude, intrindfdakkila et al. 1997).

colour,.etc.). For this reason, Itis cruqa! to know thg effects In this paper, we are going to use open clusters rather than
of the interstellar medium on the radiation we receive frog

the st d to build model hich bl dict individual stars to investigate the distribution of interstellar ex-
€ stars, and 1o bulid modeis up which reasonably predict i ction, and compare our results with those found in the lit-
amount of extinction in a given direction.

. , . __..erature. The reason for this investigation is twofold. First, the
Bahcall & Soneira (1980) have used Sandage’s extmctlg vent of CCDs with their sensitivity and linearity has allowed

law (1972) in their model of the Galaxy, and compared mOdf% obtain deep photometry of open clusters (Carraro & Ortolani,

predictions with star count observationsin 17 fields. They fou ; .
that, all b| > 107, the Sandage absorption law is a good appro%(-égd" Kaluzny 1994). Second, distances and reddening for open

S . . X Clusters are more reliable than those from individual stars, sim-
imation to observations. However, at low galactic latitudes, trE, because one is dealing with a group of stars and therefore
absorptions are patchy and poorly known. In the context of

Oe results are less sensitive to individual errors. Thus the open
Send offprint requests tbchen@mizar.am.ub.es clusters system provides us with another way to obtain informa-

* Based in part on observations made with the ESA Hipparcos &&ns on A, as a function of the galactic longitudand distance
trometry satellite T

1. Introduction




138 B. Chen et al.: Comparison of two different extinction laws with Hipparcos observations

Pandey & Mahra (1987) firstly used the open cluster cata- 90
logue of Janes & Adler (1982) to investigate the spatial distri- I |
bution of interstellar extinction within 2 kpc. Their results are 60 - .
presented in graphical form. No analytical expression for the in- I ]
terstellar extinction has been presented. In this paper, we have 30 - . :
used a new open cluster database and an inverse method (Taran- I e . ' e . ]
tola & Valette, 1982) to derive an analytical expression of thes 0 wi=s i -.,;.-'o'_.,-..:.{.-..:m A 'Qr;.:,'.:.,;.g_;.'? Preey
interstellar extinction in the solar vicinity, and compared dif—é e Tl N T
ferent extinction models with Hipparcos observations. In Sect® _3( B o . ]
2 we present the data used in this paper. In Sect. 3 we briefly i ]
explain the AGG92's model and compare it with our open clus- -60
ter data. In Sect. 4, we construct a new extinction model from
open cluster system. In Sect. 5 the predictions from AGG92’s -90 e
extinction model and our extinction model are compared with 0 90 180 270 360

tshsci—hgparcos data. The main conclusions are summarized in longitude (I

Fig. 1. The distribution of the open clusters in the plane of galactic
2 The data longitude and latitude

The main source of the data in this investigation is the Open 100.0
Cluster Data Base (Mermilliod 1992). In this database, the red- i
dening and distance for each cluster were determined from a
system of weights corresponding to the precision of open clus® 75.0
ter data. 412 open clusters with reddening and distance are Iist&j '
in the database. In addition to this data, from the list of oper= I
. . (&)

clusters, we have checked each cluster which has no mformaé- 500 |
tion about reddening and distance from ADS database to see '
whether there are new observations published after 1992. =
nally, we have found 22 such clusters, mostly due to the obg
servations from Padova and Boston group (Friel, 1995). Thu&?
the present study is based on the observed distances and colour
excesses of 434 open clusters. The ratio of total to selective ab- ‘
sorption, R=3.1, was adopted to obtain total absorption from 0.0 20 4.0 6.0 8.0
selective absorptio'(B — V). In Fig. 1 we show the distribu-
tion of the open clusters in thé ¢) plane of galactic longitude
and galactic latitude. We can see that most open clusters (9],51/@) 2. Histogram of distance to the Sun of the open clusters
lie on the galactic plane|(b | < 10° ), and that the distribution
of open clusters is not homogeneous in galactic longiti)dén(
the direction betweetr 30° andl/ = 90, and betweeh= 145
andl = 220, fewer open clusters are found. young Pleiades cluster is 4015% smaller than its photometric

In Fig. 2 we show the histogram of the distancen the distance. In order to check whether a systematic bias exists on all
Open Cluster Data Base (Mermilliod, 1992), the errors of thfsterminations of open clusters from photometric methods, we
extinction and distance are not given. We suppose that the efave compared the open cluster distance derived from Hipparcos

Distance (kpc)

o Ay Can be written: data (Robichon et al. 1997; Mermilliod et al. 1997) with those in
Mermilliod’s catalogue. Fig. 3 shows the distance derived from
0 Av(obs) = AAV(0bS)car + AAv(0bs), (1) Hipparcos parallaxes-{) against those in Mermilliod’s open

. . . . cluster database{), no systematic trend has been found.
WhereA Av(obs).q; is the calibration error approximately 0 y

equal to 0.1 mag andh Av(obs), the extinction error due to
the distance error. As a first approximation we consider that the , o
distance determination antl(obs) are uncorrelated, and that3: AGG92's extinction model

the relative distance error is 0.25. Then, we have AGG92 have used INCA database{(i@ez et al. 1989; Turon
O Av(obs) = 0.1 + 0.25 Av(obs) 2 gt al. 1991) to.cor}struct a tridimensional_ model of the galactic
interstellar extinction. For each star the distantethe sun and
From Hipparcos parallaxes, Mermilliod et al (1997) and vathe visual extinctiom,, have been computed from MK spectral
Leeuwen & Hansen Ruiz (1997) claimed that the distance type and photoelectric colour index.
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500 ‘ ‘ ‘ i —  also found that AGG92’s results are higher than the observa-
NGC 3532 tions for small distancer(< 500 pc). AGG92 pointed out that
ic4arse| ., . | a slight overestimation afl,, for small distance is expected in

400 - —— NGC 2516 their model, this is consistent with what we have noticed from
NGCesd2 | | our open cluster sample. In the following sections, we use open

300 - | clusters with| b | < 10° to derive the interstellar extinction at
Stock 02 low galactic latitudes and construct a new extinction model in
- solar neighbourhood.

r2 (pc)

IC2391 -~

200 - NGC 6475

ico60z [~
Pleiade %/’%‘ a Per 4. Using open clusters to derive the interstellar extinction
100 - {, Praesepe i at low galactic latitudes

<" Coma Ber In order to determine the opacity in each point of the space

0 S in a circle of 2500 pc around the Sun, we utilized an inverse
0 100 200 300 400 500 Mmethod (Tarantola & Valette, 1982; Valette & Vergely, in

r1 (pc) preparation) which for the first time has been applied to detect

extinction structures in the Hipparcos data (Vergely etal., 1997).

Fig. 3. The open cluster distance derived from Hipparcos data (

against those in Mermilliod’s open cluster databa® ( In this study, we have assumed that the extinction follows a
linear law:
6.0 Ri
E; = / Pop(liy bi, 7)dr
0

— T ]

—_ where p,,(r) is the opacity at the point in the V-band (in

e mag/pc).E; is the integrated extinction in the V-band along the
4.0 - i S 8 line of sight(l;, b;, r;) in galactic coordinates.

@ The extinction decreases strongly with the galactic latitude. For
§ this reason, an opacity exponential model has been chosen:
>
< rsin(b
20 | ponll ) = Aol ) exp (-5 )

Ao (l,b,r) represents the extinction fluctuations around an
exponential mean extinction law at the poihb ) andhg, the
‘ ‘ characteristic height of the extinction structures. The value of
0.0 20 4.0 6.0 ho is a parameter which is determined during the inverse pro-

Av (model) cess. The computed value af is 120 pc that is consistent
with previous studies (e.g. Sharov, 1964). Since the sample of

Fig.4. The observed extinction Aobs) against that derived from clusters is limited to a finite number of lines of sight that are
AGG92’'s model A (model) for our open cluster sample relatively spread-out, we have assumed some regular proper-
ties of po,(,b,7) and introduced a smoothing length which
corresponds to the mean inter-clusters distance. The details of
e absorption clouds, with a length lower than the correlation
ngth, are not detected. A 300 pc correlation length gives us
global fluctuation extinction tendencies. In Fig. 5 and Fig. 6,
we show the extinction structure in the galactic plane and in the
cross section of the galactic plane, respectively. These figures

For each cell an analytic expression of the interstell§hOW that the absorption in the galactic plane is highly variable
monochromatic extinction at V-magnitude, é&,/,b) was ob- from almost zero tp 1.5 mag/kpc, no information are available
tained. We have used AGG92's model to derive the extinctiéh Nigh galactic latitude.
at the position of each open cluster in our sample. In Fig. 4, v%%((';)'g-_AZ(mf?e%"VS th? hlstogram ofd value ¢ .
plot the observed extinctiod, (obs) against that derived from ——_—"===—), and in Fig. 8 we plot the observed extinc-
AGG92’s modeld,, (model). It can be seen that AGG92’s modetion Av(obs) against that derived from our model Av(model).
underestimates large extinction value. Since AGG92 used offlom Fig. 8, we did not see an overestimatiop(hodel) for
stars brighter thmV = 13mag, as they stated, their model cansmall distances( < 500 pc), which seems to be the most signif-
not be extrapolated farther than 1 kpc. From Fig. 4 we haigant improvement in our model over AGG92's model (see Fig.

0.0

The sky was divided in 199 cells. In each cell, based
the work of Neckel & Klare (1980), a quadratic relation wag,
adopted:

A, = ar + pr? 3
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Extinction structures in the galactic plane.
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Fig. 6. Extinction structures in the cross section of the galactic plane

4). The error distribution in Fig. 7 is asymmetrical and the negt distances > 1 kpc. This is in agreement with our result. For

ative tail shows that some extinction values are overestimat#s reason, in the following sections, we limit our studiesifor

This could be explained by the fact that the model does not takel 000 pc.

into account the fluctuations at the smallest scales and does notI

represent windows without eX“”C“O'?- From Fig. 7 aqd F.'g' %’olrhood, we have divided the galactic plane into 36 cells with

we can also see that model underestimates some extinction val- . I

ues at large Av(obs). Recently, Hakkila et al. (1997) found thAt = 10°. Atthe c.enter of each cell, the ex_t inction curve has
' . ) geen computed. Fig. 9 shows thg as a function of- for each

large-scale extinction studies tend to underestimate extmcngﬂhe 36 cells. We have compared Fig. 9 with that of Neckel

n order to establish an extinction model in the solar neigh-



B. Chen et al.: Comparison of two different extinction laws with Hipparcos observations 141

Table 1.The coefficients of the extinction curves in different longitudes
Range ofl a1 az as as
(degrees) (mag.kpc) (mag.kpc?) (mag.kpc®) (mag.kpc?) 100 .
0-10 0.752 0.610 0.090 -0.387
10-20 0.500 3.012 -3.659 1.378 0
20-30 0.245 5.468 -7.721 3.432 9 —
30-40 0.156 5.996 -9.214 4.478 % —
40-50 0.300 3.753 -5.793 2.893 o
50-60 0.490 9.364 -1.023 0.476 — L
60-70 0.740 -1.825 3.780 1622 9
70-80 0.943 -3.715 6.975 -2.682 0 g5 - F— |
80-90 0.747 -2.954 6.672 -3.190 ge. —
90-100 0.598 -2.604 7.809 -4.593 g
100-110 0.442 -1.745 7.066 -4.558 Z
110-120 0.235 0.201 2.681 -2.111
120-130 0.065 1.821 -0.625 -0.308 |
130-140 -0.103 3.096 -2.055 0.248
140-150 -0.248 4.273 -3.300 0.440 r
150-160 -0.189 4.592 -4.951 1.556 0 |
160-170 -0.033 4.066 -5.594 2.389
170-180 0.091 3.101 -4.644 2.158 -6 -4 =2 0 2 4 6
180-190 0.163 2.070 -3.064 1.476 )
190-200 0.217 1.084 -1.410 0.698
200-210  0.286 0.189 0117 0.392  Fig.7. Histogram of§ value ¢ = #(=2=ulmedcd)),
210-220 0.307 -0.227 0.434 0.288 ‘
220-230 0.259 -0.160 0.649 -0.266 6
230-240 0.201 0.192 0.123 -0.128 i
240-250 0.198 0.258 0.160 -0.136 d
250-260 0.274 -0.082 0.729 -0.207 e
260-270 0.313 -0.016 0.187 0.374 i L7
270-280 0.288 0.386 -0.462 0.361 e
280-290 0.313 0.535 -0.650 0.395 L7
290-300 0.381 0.398 0.079 -0.117 4 - P i
300-310 0.280 1.661 -1.839 0.643 ~ 7
310-320 0.120 3.513 -5.033 2.260 [} %'%
320-330  -0.046 5.282 -7.844 3611 9 — ‘
330-340 -0.031 5.477 -7.961 3.546 £ Zl
340-350 0.465 2.076 -2.138 0.871 ‘~>’
350-360 0.961 -1.226 3.345 -1.648 <K
) i
& Klare (1980) and Pandey & Mahra (1987), and found that,
although A,(r) changes from one cell to another significantly,
the scatter in the /) is in agreement with that in the diagrams
of Neckel & Klare (1980) and Pandey & Mahra (1987). By
comparing our results with those of AGG92, we can see that

the general trends are similar: strong extinction values in the 0"

longitude intervaR0° — 40° and week extinction values in the 0 2 4 6
interval210° — 240°. However, we have observed the presence Av(obs)

of a strong extinction in th850° — 360° interval at about 1.5

kpc which is not evident in AGG92's model. Fig. 8. The extinction derived from our model Av(model) against the

For each cell, an analytic polynomial expression is used @gserved one Av(obs).
fit the results from the inverse method withir:r1000 pc:

E(l) = air + agr® + azr® + agr’ 4) In order to provide a formal precision on our extinction
model, we have made some comparisons with the observations
whereFE (1) is the extrapolated extinction atthe longitddenhich  for 155 stars from Neckel & Klare (1980). The stars selected
belongs to the intervdtAl, (i + 1)Al] andr is the distance in have a spectral type B, A or F. O-type stars are rejected because
kpc. The coefficients,, as, a3 anday are given in Table 1. they could have circumstellar extinction. In Fig. 10, we plot the
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Fig. 9. The extinction as a function of distance for each of the 36 cells. The solid lines are the results in this study from the inverse method, the
dashed lines are the results from Arenou et al. (1992). The crosses (+) are the open cluster sample.

observed extinction /obs) against that derived from our modetobust estimator (Morrison & Welsh 1989; Chen 1997a). Table
predictions A (model). Considering the error on extinction th& shows the results.

agreement is satisfactory. We have grouped the Neckel & Klare

sample into four groups according tg @godel). In Fig. 11, we Whereo 4, is the total extinction error on A As a first
show the histograms of Av(obs) in each group. Since the samgfsproximation we neglect the contributions of the photometric
is small in each group, the errors{,) have been derived by aerrors in the Neckle & Klare data, we found,, (model) =0.17
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Fig. 9. (continued) The extinction as a function of distance for each of the 36 cells. The solid lines are the results in this study from the inverse
method, the dashed lines are the results from Arenou et al. (1992). The crosses (+) are the open cluster sample.

+ 0.38 Av(model), which gives an approximated estimation of,(r,l,b) =0 | b|>50

the external error in our extinction model. A,(r,,b) =0.165(1.192 tarb |) | cscb | [L-exp(-r| sinb | hy )]
For|b| > 10° we adopt the Sandage absorption law, which0 < | b | < 50

is widely used through the literature. Finally, our extinctionl,(r,l,b) = E(l) |b| <10

law in solar neighborhood is constructed as follows, Zero-reddening value in Sandage’s model|fof > 50 has

been criticized by de Vaucouleurs & Buta (1983), and Lu et al.
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ST I — ] 5. Comparison with Hipparcos observations
5.1. Hipparcos observations

Hipparcos provides animmense quantity of accurate astrometric
and photometric data from which many branches of astrophysics
are benefiting. The primary resultis an astrometric catalogue of
I 1118218 entries nearly evenly distributed over the sky with an
" -4 astrometric precision in position, proper motion and parallax of
| 1 1 mas or masl/yr, or better for the brightest stars. More details
can be found in the comprehensive introduction of the catalogue
(Perryman, 1997, ESA, 1997). Hipparcos observations include
a survey, which is a complete sample selected according to a
combined magnitude-spectral class -galactic latitude criterion.
The selection criterion is ¥ 7.9 + 1.1] sin(b) | for stars earlier
than or equal to G5, and ¥ 7.3 + 1.1] sin(b)| for later spectral
type stars.
In this paper, we have used a complete sample with %3

1 1 mag. Early-type stars are known to be associated strongly with
B ] T I 7 the Gould belt and the moving groups (Chen et al. 1997). The
I 1 - | non-uniform distribution of early type stars is not included in
| < our Galaxy model. Therefore we have excluded the O, B and

g 1 earlier A-type stars with B-\X 0.0. With this selection criterion
% iR | we are left with 18072 stars with ¥ 7.3 mag and B - V> 0

il 1 from the Hipparcos catalogue.

3.5

2.5

Av(Neckel and Klare)

5.2. Galactic model

A Galaxy structure and kinematic model has been constructed
1 (Chen 1997b). The model includes a thin disk, a thick disk, and
15 a halo, which can predict the magnitudes, positions, colours,
proper motions, radial velocities and metallicities according to
the selection criteria used in the observations. Since disk stars
Fig. 10. The extinction derived from our model against the observatioage dominating in Hipparcos survey, we simply describe the

Av(model)

for 155 stars from Neckel & Klare (1980) main characteristics of the disk population in our Galaxy model.
Any further detail of the model can be found in Chen (1997b).
Table 2. The extinction errord 4,) in each group Av(model) The stellar density laws used for the disk population are
exponential. For the distribution of stars perpendicular to the
Av(model) Av(model) a4, number of stars plane of the Galaxy, which is known to vary with luminosity,
0-0.25 0.15 0.20 60 we adopted the relations derived by Bahcall & Soneira (1980).
0.25-0.5 0.35 0.27 31 The luminosity function for the disk stars given by Wielen et
0.5-1.0 0.75 0.56 42 al. (1983) has been used in our model. The variation of the
1.0-1.5 1.21 0.57 22

velocity dispersion in the solar neighborhood with spectral type
and luminosity class has been adopted from Delhaye (1965) and
Ratnatunga et al. (1989). We have adopted a velocity dispersion
(1992), who found a polar extinction of 0.1 to 0.2 mag ip.A gradients from the Galactic plane suggested by Fuchs & Wielen
From the color excesses derived fromdbtgren photometry (1987). Mendez & van Altena (1996) have derived the distance
for a complete sample of A3-GO stars brighter than B = 11ds the Sun from the Galactic plang =2 + 34 pc and Z = -8
and| b | > 70, Knude (1996) found that the North Galactict 19 pc, from two fields. But, recently they (Mendez & van
Pole exhibits a complex reddening distribution. However, witena, 1998) found a distance of the Sun from the symmetry
found that Sandage’s model with| > 50 is in agreement with plane of the GalaxyfoZ = 27 + 3 pc. Using a large sample of
the Burstein & Heiles maps (1982). Moreover, Hakkila et aDB stars within 10 degrees of the galactic plane, Reed (1997)
(1997) compared several previous results in the directionshafs investigated the Sun’s displacement from the galactic plane
the Galactic poles (see their Table 3), and found an averagel fourd Z = 10~ 12 pc. We found that this parameter is not
extinction A, = 0.14 0.2 mag in both galactic poles. We bewell determined, for this moment, we k& = 0 in ourmodel.

lieve that Sandage’s model in high galactic latitudes is a good In order to make comparisons with the Hipparcos observa-
approximation to observations. tions, an area integration was performed by adding up the con-
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tributions of many regions nearly uniformly distributed over th@ble 3. The means and standard deviations (between brackets) of
sky. A grid with spacings of 5in latitude and 15in longitude, observables and physical parameters in each cluster together with the
divided the sky into 562 regions each of 75 defongitude cluster size. The physical parameters,(My oy :ow) are derived by
spacings at high latitude are increased from the value seledftgicorresponding simulated stars

at the Galactic equator to keep the areas in each cell approxi-
mately constant.

Vv M, B-V r ocy.oviow N

mag mag mag pc km/s stars
Clusterl1 7.0 1.3 0.3 154 21:14:13 3948
5.3. Comparisons of the model with a selected sample from (0.21) (1.64) (0.23) (96.2)

(0.89) (1.83) (0.54) (66.1)
Domingo (1998) has compiled a sample of B, A and F-typ€luster3 6.4 2.3 0.5 84.7  27:19:16 3049

stars from Hipparcos observations with uvhyidhotometry. (0.33) (1.73) (0.29) (58.3)
Distances have been derived from Hipparcos parallaxes, and thlester4 6.9 0.67 115 182  37:28:20 3239
Strdimgren photometric data come from the Hauck and Mermil- (0.29) (1.27) (0.34) (100.8)

liod (1990) compilation and the new observations performed dylusters 53 1.7~ 04 62 2511714 1535
Barcelona group (Figueras et al., 1991, Jordi et al., 1996). In or- (0.47) (1.67) (0.35) (44.7)
der to derive reliable physical parameters, we have not includ&nUSteIr 6 0542 1'%1 012'2 81473 37:24:19 2357
in our sample any_stars known to be or suspected of being VaEI'uster 7 ( '6_9) ( _'1_4) ( i.6) (42'0) 42:29:93 3162
able, spectroscqplc bmary, knoyvn as pgcuhar (Am, «Z\D,e_l, (0.35) (0.98) (0.39) (163.4)
...) and those with variable radial velocity. Stars belonging to
double or multiple systems for which only joint photometry is
available have also been rejected. is merged with the simulated sample. We carry out cluster anal-
The absorption has been derived fromb&tgren photome- ysis for this merged sample, then, we separate the observed data
try (Domingo, 1998). We have selected stars in our sample witbm the simulated one and compare the distribution between
A, > 0 andr < 1000 pc. Our sample includes 1492 stars arile model predicted stars and the real observed stars. The con-
has an average distange= 177 pc. In Fig. 12, we have com-tent of clusters can be interpreted from the model predictions.
pared AGG92 and our extinction model with the observationEable 3 gives the main physical parameters of each cluster from
The average extinction derived from &tmgren photometry in our model predictions, and Fig. 14 shows the positions of each
the sample is 0.12% 0.003 mag, and the average extinctionsluster in H-R diagram.
derived from AGG92 and our extinction model are 0.263 The x? statistics is used to test the capability of models to
0.005 mag and 0.12F 0.003 mag, respectively. It can be seerepresent the data and choose the best fit to the observation:
that AGG92 model provides a systematically larger extinction,

and our model gives a better fit to observations. This is in good _ Ek: (N, — Ni )2 )
agreement with our result from open cluster dataset. X - Ni
i .
5.4. Comparisons of the model with Hipparcos data from ~ WhereN;, - andN; ., are the number of stars in cluster
whole sky in observed data and simulated data, respecti%elythe total

number of clusters, we found thiat= 7 is good enough for this

The predictions from our and AGG92 extinction models ha\@)mparison (Chen 1996).
been compared with the Hipparcos observations in Fig. 13. opviously, ifthe model is a good representation of the obser-
The reduced proper motial,, is defined according to Luytenyations, then it should produce frequencies comparable with the
(1922): observed ones in each cluster. A large valugihdicates that

_ , the null hypothesis is rather unlikely. From the sample, we have
Hy =V +5logpu+5 ®) derivedy? = 28 and 43 for our extinction model and AGG92's
where is the total proper motion expressed in arcsec'yr model. The method (called as chi-by eye) described above has
With our extinction law, the model predicts 18486 stars%2.3been tested by Monte Carlo simulations and used to select the
more than that from the Hipparcos observations, while with thest-fitting model (Chen 1996). This method has also been used
Arenou et al. (1992) extinction law, the model predicts 17228 Ojha et al(1996) to constrain galactic structure parameters.
stars, 4.% less than that from real observations. The main fe@ur results show that our extinction model gives a better fit to
tures of the observed distribution, for example, the two peal#pparcos observations. We should point out that in our and
near B-V =0and 1.0 mag, are presentin the models and haveAl@&592 extinction model, the probabilities that the model re-
correct amplitude. In order to compare different extinction lavikects the reality are ruled out at 3.4 and 4.8 sigma Gaussian
with observations in the 4-dimensional spacelof B—V, H,, equivalent level. This is due to the fact that the statistics of the
r), we use a cluster analysis algorithm (Chen 1996) to choaseors in the data is not a Poisson statistics, because of some sys-
the best fit model. The Hipparcos data, made of magnitude (tematic errors in the photometry and astrometry in our Galaxy
colour (B — V), reduced proper motiorf{,) and distancer), model, such as disk colour-magnitude diagram, absolute mag-
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nitude calibration for giants, velocity distribution and density
law of the galactic disk stars, and the little fluctuation of the in-
terstellar clouds as well. In this paper, for a given Galaxy model =5
(Chen 1997b), we compare model predictions from different
extinction laws with observations, which can give us some in-
formation about the uncertainty in the simulated sample due to
the extinction. In aforthcoming paper, we plan toimprove galac-
tic structure and kinematical parameters from Tycho catalogug o -
with the help of our Galaxy model and extinction law.

5.5. Comparisons of the model with Hipparcos data at low
galactic latitudes

Isochrones for Z=0.02

In this section, we compare the model predictions with Hippar- ‘ ‘ ‘ ‘
cos observations at low galactic latitudeb [ < 10°). Since the -0.5 0.0 0.5 1.0 15 2.0
stellar density is about 5.5 stars per square degree in the galactic B-V

plane from Hipparcos observations, comparisons must 'nVOll\—’l .14. The means and standard deviations of 7 clusters. Isochrones

relatively large areas in the sky. We have used 36 areas, efgh) schaller et al. (1992) for solar metal content have been overplot-
of them covers from -10to 10° in galactic latitude and YOn  ted. Considering that our sample has an average extincticno:2 to

galactic longitude. 0.3 mag, B-V for Isochrones has been shifted 0.1 mag from (B-V)

AGG92’s extinction law and the law presented in this study
have been used for comparisons with the observations. In TableIn Fig. 15, we plot the differenc&= N (obs) — N (model)
4, we show the number of stars in each cell derived from Hippars a function of the cell number (from 1 to 36). Froph and
cos observation/{) and predicted by AGG92'’s extinction lawFig. 15, we can see that our extinction law provides a better fit
(V1) and our extinction law ). We have used thg? statis- to Hipparcos observations than AGG92’s one, which predicts
tics (eq. 6) to compare the model predictions and observatioless stars than observed. On the another hand, we found that
With our extinction law, we foung? = 62.3 and for AGG92’s both models predict too less stars betweéerb0 to 130. From
model, x? = 108.7. The model predictions are at 2.6 and 5Table 4, we can see there are 152 stars betwee?80 to 290,
sigmas from the data. and only 80 stars betweér 150 to 160. Neither our extinction
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Table 4. The number of stars in each cell derived from Hipparcos observalghdnd predicted by AGG92’s extinction lauN{) and our
extinction law (V2).

Range ofl No Ny N> Range ofl No Ny N>
(degrees)  (stars) (stars) (stars) (degrees) (stars) (stars) (stars)
0-10 97 111 115 180-190 103 107 115
10-20 104 87 109 190-200 119 114 121
20-30 104 87 105 200-210 135 116 131
30-40 91 106 112 210-220 107 108 114
40-50 121 97 120 220-230 114 105 112
50-60 131 103 115 230-240 125 107 126
60-70 142 119 121 240-250 95 101 127
70-80 133 115 123 250-260 137 117 128
80-90 136 116 120 260-270 132 113 121
90-100 116 109 117 270-280 112 114 119
100-110 151 118 123 280-290 152 113 121
110-120 135 112 126 290-300 150 115 122
120-130 133 116 121 300-310 132 112 120
130-140 120 108 117 310-320 124 109 123
140-150 127 113 116 320-330 126 107 124
150-160 80 101 103 330-340 101 105 118
160-170 100 103 107 340-350 109 107 123
170-180 123 113 119 350-360 117 105 119

n————m—mm—mm—— to study the interstellar extinction. We have compared our ex-
I ] tinction model with AGG92 and Hipparcos observations. The
main results of this paper can be summarized as follows.

1. An inverse method (Tarantola & Valette, 1982) was used
to construct the extinction map in the galactic plane. We found
the lowest absorption betweér 210’ to 24, and the highest
absorption betweeh= 2(* to 40°.

| 2. By using three different samples, we found that AGG92’s
results are higher than the observations for small distances.

3. We have constructed an extinction law by combining
Sandage extinction law withb | > 10° and our extinction
: law in the galactic plane.

4. AGG92 and our extinction models have been compared
with a well selected sample from Hipparcos observations with
~80 I ‘ L L L ‘ | Strdmgren photometry. We found that AGG92’s model provides

0 10 20 30 40 a slight overestimation of A

5. Galaxy model predictions with our and AGG92’s extinc-
area number tion laws have been compared with the Hipparcos observations

Fig. 15. The difference’ = N(obs) — N (model) as a function of for the whole sky and at low galactic latitudes, respectively. The

the cell number (from 1 to 36). The solid line indicates our of the cdiain characteristics in the observed distributions (for example,

number (from 1 to 36). The solid line indicates our model prediction8vo peaks inB — V') are well predicted by both models. Thé

while the dotted line indicates the prediction from AGG92's model statistics, used to choose the best fit to Hipparcos observations,

shows that our extinction model provides a better fit to data.

law nor AGG92's model can model this large change. A more 6. Interstellar gbsqrption in the galactic pla}ne is highly vari-

detailed absorption law is needed for modeling the extincti§?!€ from one direction to another. We believe that a more

substructure in the galactic plane. detailed absorption law, which can represent the extinction at
smaller scales, is needed for modeling the extinction substruc-
ture in the galactic plane.

These results are very useful for us to investigate the stellar
At low galactic latitudes|(b | < 10°), the absorptions are patchykinematics in the solar neighborhood from Hipparcos and Tycho
and not well known. In this paper colour excesses and distané@éa in the near future. But a new and more detailed extinction
of open clusters compiled by Mermilliod (1992) have been us&tPdel from Hipparcos observations is still missing.

N (model) — N (data)

6. Discussions and conclusions
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