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Abstract. Recent investigations aimed at estimating the distance to the young LMC cluster NGC 1866 have made use of Red
Clump stars in the surrounding LMC field, together with empirical and theoretical Main-Sequence fitting methods, and have
found significantly diferent distances for the field and the cluster, the latter being closer by in distance modA{IsNby ~

0.20 mag. In this paper we (re-)consider the Cepheid star population of NGC 1866, to try to shed some light on this discrepancy.
By combining various extensive photometric datasetB,iW, | and single-epoci2mass JHK photometry,PL relationships

for the cluster Cepheids are obtained. A comparison between the field LMC and étlstelationships for the reddening

free Wesenheit index gives a firm determination of the distance between the cluster and the LMC main body (0.04 mag in
distance modulus, the cluster being more distant) which, coupled to a model for the geometry of the LMC disk, provides
A(DM) ranging between 0.0 aneD.11 mag. The simultaneous comparison offtierelationships irB, V and| for the cluster

and LMC field gives an estimate of the cluster reddening, which results #(Be- V) = 0.12 + 0.02. This determination

is higher than the canonical value of 0.06 mag used in all previous studies, but we show that it is not in contradiction with
a re-analysis of independent estimates. The adoption of the LMC extinction law recently presented by Gordon et al. (2003)
does not change these results. The cluster Main Sequence fitting distance obtained with this new redoéhiadl&58 +

0.08, fully compatible with the Red Clump value BM = 18.53+£0.07(random)3%2(systematic) and the Cepheid constraint
onA(DM). Finally, we determined the distance to the cluster by using a Cepheid WesRhhelationship with slope coming

from LMC observations, and absolute magnitude zero point calibratediipparcosparallaxes of Galactic Cepheids, in the
assumption that the relationship is independent of metallicity; the resiDivig= 18.65+ 0.10 is not an accurate estimate of

the LMC distance because of possible metallicifigets but, when compared to the revised Main Sequence fitting value, it
points out to a possibly weak dependence of the Wesemteielationship on the Cepheid chemical composition, at least in

the period range between 2.5 and 3.5 days.
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1. Introduction by Salaris & Girardi 2002) for deriving the distance to the

. . surrounding LMC field, it resulted a distance moduldisl =
Two recent papers considered the distance to the youss, (7 (a similar value of 18.4% 0.05 is obtained

LMC cluster NGC 1866 based on empirical and theore%— Pietrzyiski & Gieren 2002 using the RC in tHe-band).

cal Main—Sequ_ence (MS) fitting techniques, and on the R is DM discrepancyA(DM) = 0.20+ 0.10 between RC and
Clump (RC) distance to the LMC field around the _C|UStel<7IS—fitting distances reflects the more general dichotomy in
Wall_<er et al. (2002) used a MS-f|_tt|ng method employing thgge | \1c gistance estimates found in the literature (see, e.g.,
oretical isochrones to derive a distance ”T'Od“'DMQ to the Benedict et al. 2002 for a recent summary of the LMC distance
clusterbM = 18'35.1( 0.05, and a reddening &(B - V) = determinations). S03 discussed possible reasons for this occur-
0.060-0.064. Salaris et al. (2003a, hereafter S03) emplo¥g ce, as an underestimated cluster metallicity, a photometric
the same cluster photometry to deridM = 18.33= 0.08 zero point error, the possibility that the cluster is located about

(f_o_r an adOF?te_d reddening of 0.064) using a completely e'E?Kpc closer than the underlying field population, but no defini-
pirical MS-fitting method, based a large sample of Ioc:ﬁk/e conclusion was reached

subdwarfs with accurate parallax and [Hg determination;
however, when they applied the RC method (following the

procedure by Alves et al. 2002 and the population corrections NGC 1866 contains a sizable Cepheid population, and
therefore an independent distance estimate is potentially avail-

Send gprint requests toM. Groenewegen, able. Shapley & Nail (1950) and Thackeray (1951) indepen-
e-mail:groen@ster.kuleuven.ac.be dently discovered the first Cepheids in NGC 1866, and first
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photometry and periods were published by Arp & Thackerdye. as quoted in the paper based on the single dataset with mosi
(1967; hereafter AT67); from Period-LuminosityPl() and observations, hence G2000 in most cases). For each dataset we
Period-Luminosity-ColourLC) relations with the then avail- then solved for the amplitude and phase, using the numerical
able calibration they derived BM to the cluster of 18.44 code “Period98” (Sperl 1998). We also considered lightcurves
0.15 (for a reddening d&(B- V) = 0.06). After the publication with a suitable number of harmonics (typically 3 to 5), solving
by Walker (1987, hereafter Wa87) of the first CCD light curvesgain for the amplitudes and phases, the relevant output quan-
for seven cluster Cepheids, Storm et al. (1988) report the dities being the mean magnitude and the rms. ThiEeince
covery of 10 new Cepheid candidates. Welch et al. (1991; hebetween the mean magnitudes obtained witfedent datasets
after We91) present new CCD photometry and radial velocigyves an indication of the photometriffsets, and the rms gives
measurements of these new and previously known objects. Borindication of the error in an individual measurement.

a reddening oE(B - V) = 0.06, and an assumé&d.C-relation Based on this exercise, an error of 0.008 mag was assigned
they deriveDM = 18.57+ 0.01 (internal error only). These datao Wa87 data, and 0.05 to theband data in AT67. In addition,
were then used by @¢ et al. (1991) for a Baade-Wesselinkhe following dfsets were added to the published photometries
analysis to deriveféective temperatures and radii, ab = in order to put them on the same system as G2600039 mag
18.6 + 0.3. Gieren et al. (1994) derived an improv@! = (|, Wa87, HV 12197)+0.082 mag ¥, We91, HV 12200),
18.47=+ 0.20 from the firsV RI-based Baade-Wesselink analy-0.066 mag [, Wa87, HV 12203), and to the photographic
sis of 3 cluster Cepheids. Gieren et al. (2000a; hereafter G20Q0and in AT67 we added0.095 mag for HV 12197, 12198,
report extensive neBV RIphotometry for seven Cepheids and 2199, 12205;+0.212 mag for HV 12202 and-0.079 mag
provide improved periods, and at the same time Gieren et HV 12203.

(2000b) discuss the application of the infrared surface bright- |, .ase of theB-band we added+0.04 mag (Wa87,

ness Baade-Wesselink method on a Cepheid (HV 12198) in {he 12197),-0.06 mag (We91, HV 12197)0.02 mag (Wa87
cluster. From this one star, they determiDiél = 18.42+ 0.10. 1y 12199) 0.02 mag (We91, HV 12199}:0.15 mag (We91,
It is clear that today extensive photometry for many qfy, 12200),-0.02 mag (Wa87, HV 12202),0.05 mag (We91,

the Cepheids in NGC 1866 does exist. Single-epoch infigy, 12202),+0.06 mag (Wa87, HV 12203),0.03 mag (We91
red data are also potentially available from @Beass sur- |y 12203)’and—0.02 mag (Wé91 V7). ' ’

vey. Current Cepheid-based distance estimates date back t . - i

more than 10 years ago, i.e. in the era before the Hippar%og;j;(\j/olﬁigdr';:;?; Cgltoccci)ps(ls\(/earg%as itis likely a non-member
based calibration of the ZP of the Galackdt-relation, and y ) ’

before the huge datasets of field Cepheids in the Magellanic '" @ Second step we combined all datasets (witbets and
Clouds, discovered by the microlensing surveys. The aim foPer weighting applied) and performed a Fourier analysis
the present paper is therefore to combine all available data §8fVing for the primary frequency, amplitudes and phases. The
the Cepheids in NGC 1866 with our current knowledge of fie[§SUlts are listed in Tables 1-3. When fitting #andI-band
LMC and Galactic Cepheids, in order to shed some light Jightcurve the frequencies where fixed to that determined from
the dichotomy of distances estimated from MS-fitting and t/BE V-lightcurves. Also listed is the rms in the final fit. This
RC-method. In Sect. 2 we discuss the available Cepheid pnbl_n_”nber will be used |_n the next sec_tlon to char_acterl_se the er-
tometric data; inferences from theL relationships will be "OF in the mean magnitude when using te-relationship.

analysed in Sect. 3, and a discussion about the implications forIn the case of theB-band, keeping the frequency
the cluster distance follows in Sect. 4. also as a free parameter resulted in #&edent frequency

by (1-3)x1076 cyclegday at most, and no significant change
h heid in the mean magnitude and rms values. For the stars in com-
2. Photometry of NGC 1866 Cepheids mon, the periods derived here and those quoted in G2000 agree

We considered the photomety,(and when availablB andl) ~ Within their respective & error bars.
from G2000, We91, Wa87 and AT67. As previously noted and The quantitieso; = Ax/A1 andgoy = @2 — 2¢1 (WhereA
discussed in the relevant papers, there is for some stars a sanadly; represent the amplitude and phase of the §-harmonic
difference between theftrent sets of photometry (e.g., seé the Fourier expansion) can be used to distinguish funda-
the phase diagrams by G2000). Furthermore, the photometrgntal (FU) from first overtone (FO) pulsators (e.g. Udalski
in AT67 is made of photographic magnitudes whereas datal. 1999b); when applying this technique we found that
in the other papers are obtained using CCDs. Lastly, G200@pheid V8 is a first overtone pulsator (We87 already sug-
and We91 quote (internal) errors while Wa87 and AT67 do n@ested this purely on the basis of its short period). For V4
On the other hand we want to use as much data as possthke situation is ambiguous and it is kept as a FU pulsator. In
with representative errors to make full use of all available irtase of V6, although the amplitude ratio suggests it is a FU,
formation. It should also pointed out that crowding is a potethe object is treated as a FO pulsator for reasons given below
tial problem for the Cepheids closer to the centre of the clugote that We87 also suggested it to be a probable FO pul-
ter (in particular the Cepheids with théprefix in their name) sator). When plotted on ¥-bandPL-diagram (like Fig. 3 be-
and new photometry undexcellentseeing conditions would low), it would stand out as a clear outlier at its observed pe-
be valuable. riod of 2.05 days, being about 0.4 mag brighter than the mean
In order to do so we took a two-step approach. As a finglation at that period, a deviation by many sigmas. At the
step, we fixed the periods to the most accurate known valigssne time, it falls almost exactly in the middle of datapoints
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Table 1. Fourier decomposition df -lightcurves. Table 2. Fourier decomposition dB-lightcurves.
Name <V > Period (d) rms N Ampl  Phase Name <B> rms N Ampl Phase
12197 16.102 3.14374(3) 0.028 100 0.226 0.399 = 12197 16.741 0.024 50 0.338 0.418
0.079  0.208 0.114 0.222
0.0305 0.984 0.0545  0.041
0.0137 0.736 0.0088  0.802
12198 15976 3.52275(3) 0.030 134 0.258 0.418 15198 16.627 0024 83  0.284 0.384
0112~ 0.260 0159 0272
8-8?22 8-;5 0.0790  0.138
: : 0.0209  0.041
12199 16.289 2.639166(2) 0.059 1130-12.72700.3;)(.)963 12199 16916 0015 62 0411 0.974
0.0610 0.735 0.177 0.322
0.0349 0.087 0.0833  0.723
00093 0439 0.0454  0.061
12200 16.247 2.72499(3) 0.042 63 0.325 0.767 0.0153  0.4458
0153 0927 12200 16913 0.053 62 0518 0.779
0.0807 0.103 0.230 0.929
0.0599 0.316 0.137 0.084
0.0258 0.417 0.0594 0.299
12202 16.080 3.10118(1) 0.037 122 0.211 0.691 0.0323  0.389
0.0903 0.786 12202 16.756  0.019 71  0.303 0.706
0.0349 0.914 0.104 0.798
0.0091 0.897 0.0442  0.912
12203 16.140 2.95414(2) 0.028 115 0.252 0.962 0.0114  0.163
0.106  0.340 12203 16.811 0.026 64  0.378 0.976
0.0519 0.734 0.150 0.349
0.0232  0.119 0.0919  0.723
0.0054 0.606 00235  0.102
12205 15965 3.21048(2) 0.090 32 0.330 0.728 00195  0.608
0.143  0.862 12205 16572 0013 11 0557  0.748
0122 0117 0222  0.836
V4 16.068 3.31886(2) 0.022 48 0-002.%13 N loéggl 0.145 0.982
V6 16.111 2.05442(2) 0.030 36 0.080 0.207 va 16715 0.034 45 0%‘3};7 0%‘2";5
0.049  0.049 ' '
0049 0203 V6 16.696  0.123 24  0.079 0.194
0019  0.132 0.034 0.904
V7 15.973 3.38827(2) 0.065 79 0.131 0.723 0.001 0214
0.0364 0.827 V7 16.622  0.028 47  0.205 0.718
0.0267 0.912 0.0664 0.805
V8 16.159 2.05249(2) 0.036 46 0.128 0.033 0.0344  0.964
0.047 0.624 V8 16.773 0.043 46 0.205 0.050
0.021  0.898 0.045 0.603
0.016 0.584 0.031 0.905

Listed are the identifier, mean magnitude, period in days with the un-

certainty in the last digit between parenthesis, the rms in the fit, . _ . .
number of datapoints, and then the amplitude and phase of the Fou iizéfs statistical argument (in the hypothesis that cluster and

components, one component in each line. The solutions listeB for _d Cepheids share the same propert|§s), and the.fact that
and| in Tables 2 and 3 have been obtained with the frequency indfi-IS located on top of the/-bandPL-relation of LMC field
cated here. Leaving the frequency as a free parameter will lead to vEfp Cepheids, make us believe that V6 is an overtone pulsator.
small diferences in the derived quantities, that have been the basislfothis object is excluded from our analysis, the results we
attributing an error to the period. present in the following are completely ufected. All other
Cepheids in our sample appear to be FU pulsators.
For the FO variables V6 and V8 the observed perieg (

of FO pulsators in the LMC field at that period (Udalski et ahas peen transformed into the corresponding fundamental one
1999a). In addition, the number of field LMC Cepheids in thgy according to (Feast & Catchpole 1997):

period range 2.0%x P < 2.07 d is 0 FU and 15 FO, and in
the extended range 2.00 P < 2.10d is 4 FU and 33 FO. P1/Py = 0.716- 0.027 logP;. Q)
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15.4

Table 3. Fourier decomposition df-lightcurves.

Name <l> rms N Ampl Phase
12197 15.379 0.021 66 0.140 0.370
0.050 0.209
0.0059 0.958 >
12198 15.234 0.016 74 0.156 0.374
0.067 0.248
0.036 0.149
0.018 0.998
12199 15.591 0.015 67 0.168 0.963 o4 o4 0‘5 T e
0.081 0.325
0.042 0.741
0.020 0.047 Fig. 1. PL relation in theV-band, for the adopted slope eR.765
0.0085 0.515 andE(B - V) = 0.12 (see text for a discussion about the cluster red-
12200 15.593 0.104 15 0.231 0.768 dening). The open circles represent the two overtone pulsators, plotted
0.168 0.945 at their corresponding fundamental period.
12202 15.383 0.050 50 0.140 0.653
0.067 0.832
0.055 0.823
0.020 0.921
12203 15.441 0.025 67 0.146 0.931
0.063 0.341
0.021 0.773
0.012 0.145
V7 15.295 0.013 18 0.125 0.645
0.055 0.591

0.028 0.886 R T B
0.4 0.45 0.5 0.55
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In addition toB, V and| data, single-epociHK photome- o )
try was collected from th@wass all-sky releasgCutri et al. Fig.2. PL relation in thel-band, for the adopted slope 62.963
2003). Accurate coordinates are not immediately available"’}rqOI E(B-V)=0.12.
the literature for the Cepheids, and therefore coordinates were
retrieved using &ITs image containing the necessary WC§jth the indexc beingW, I, B andV. We obtained slopes equal
(World Coordinate System) keywords and the finding chafg —3.47 + 0.48 inW, —2.94 + 0.17 inl, -2.40 + 0.50 in B
in AT67, Storm et al. (1988) and We91. The photometry withnd-2.52 + 0.33 inV. Due to the small number of objects the
errors and the coordinates, as given2wiass, are listed in grror on the slopes is substantial, but it does still allow inter-
Table 4. In general, the stars are faint (Bmass) and the er- esting inferences. First of all, we have compared these slopes
ror bars are substantial. Monitoring these stars in the infrargflthe corresponding values for the LMC field Cepheids as
with modern instrumentation would be valuable. It is immedpptzined by Groenewegen (2000) from the data by U99, i.e.,
ately evident that the photometry for HV 12200 is ver{feli- -3.337,-2.963,-2.352! and-2.765 inW, |, B andV respec-
ent from all others. Possibly, we have identified the wrong stggely, with very small errorbars. It is evident that the cluster
or there is an unnoticed problem with t@etass photometry p|_slopes are in formal agreement with the field ones.
for this quect. This star was not used when fitting kxand We have then compared the cluster slopes with the re-
PL-relation. cent results by Tammann et al. (2003) for Galactic Cepheids;
the authors re-calibrated the Galad8t relationship by com-
bining absolute magnitudes of Cepheids in open clusters
(distances obtained from the MS-fitting technique) with ab-
The previous study of the available Cepheid photometry heslute magnitudes of other Cepheids obtained from surface
provided us with meaB, V magnitudes for 11 object sin- brightness methods, and obtained slopes equal2@57 +
gle epoch magnitudes for 10 objects, dnahean magnitudes 0.112, —-3.408 + 0.095 and-3.141+ 0.100 in B, | and V,
for 7 objects; from theé/ and| magnitudes we computed therespectively. These values are significantlffetient from the
corresponding values of the reddening independent Wesenkesults for the field LMC Cepheids, pointing out to a clear de-
indexW = | — 1.55(V - 1), like in Udalski et al. (1999a, here-pendence of the slopes of ti. relationships on the Cepheid
after U99). In Figs. 1-4 we display tHeL relationships for metallicities. It is also evident that the clustet slopes are
the cluster Cepheids M, |, B andW; we fitted to the data, as significantly diferent from the Galactic ones, even accounting
customary, @&L-relation of the type

3. Analysis

1 For this passband the slope was not given in Groenewegen (2000)
m = (slope)x logP + ZP (2) but has been determined for the present paper in an identical way.
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Table 4. 2MASs photometry.

891

Id RA (deg) Dec (deg) J H K
12197 78.342284  —-65.503525 14.776 0.037 14.538 0.068 14.423 0.099
12198 78.361127 —-65.451439 14.816 0.047 14.49G- 0.061 14.469 0.102
12199 78.354798  —-65.491463 14.958 0.044 14.591+ 0.080 14.40% 0.107
12200 78.440586  —65.459991 14.322 0.071 13.89% 0.079 13.696: 0.094
12202 78.452373  —-65.475998 14.638 0.044 14.294 0.073 14.153 0.087
12203 78.459130 -65.485962 14.913 0.054 14.68%4 0.084 14.335: 0.100
12205 78.576648 —-65.510002 14.58% 0.040 14.366: 0.056 14.254+ 0.066
V4 78.406977 -65.454140 14.746 0.063 14.406: 0.076 14.52G: 0.141
V6 78.424360 —-65.472099 15.019 0.067 14.793 0.108 14.650G: 0.151
V7 78.426274 —65.458389 14.81@ 0.057 14521 0.081 14.39% 0.097
V8 78.428394 —65.455498 14.98% 0.064 14.684 0.080 14.637% 0.143
© Ir T
. |
Sk B
o - } +
9 o <
mo — R~ j - } ) | 7
< © |
© * e 7
90.4 O.LL5 ‘ ‘ ‘ ‘ O‘,5 ‘ ‘ ‘ ‘ O,‘55 ‘ ‘ 0.4 ‘ ‘ ‘ ‘ O,LL5 ‘ ‘ ‘ ‘ OT5 ‘ ‘ ‘ ‘ O.‘55
Log P Log P

Fig. 3. PL relation in theB-band, for the adopted slope e2.352 Fig.5. PL relation in theK-band, for the adopted slope ef3.246
and E(B — V) = 0.12. The open circles represent the two overtorend E(B — V) = 0.12. The open circles represent the two overtone
pulsators, plotted at their fundamental period. pulsators, plotted at their fundamental period.

metallicity for NGC 1866 (one of the possible explanations for
the distance discrepancy mentioned in S03).

As for the PL relationship inK (Fig. 5) the data are very
much scattered, and do not allow a meaningful determination
of the PL slope in this photometric band.

The second step in our analysis has been the determination
of the distance of NGC 1866 from the LMC main body by us-
ing Cepheid stars. Due to the statistical agreement between the
PL slopes (inW, |, B andV) for the cluster and the field, and
the similarity between the spectroscopic ffpdetermination

Log P for the cluster — [F#H] = —0.5 + 0.1 according to Hill et al.
Fig. 4. PL relation for the Wesenheit index, for the adopted sIop@ooo) — and the mean [FH’]_Of LMC Cepheids and super-
of —3.337. giants — [F¢gH] ~ —0.4 according to Luck & Lambert (1992) —
we can safely assume for the cluster Cepheids the very accurate
slopes obtained for the field LMC objects. First, we fitted the
W PL relationship for the field LMC Cepheids to the cluster
for their associated large error. Fowet al. (2003) provide an objects; this relationship is reddening independent, therefore
alternative calibration for the Galactic Cepheids slopes, based do not have to use any information regarding the cluster
on surface brightness methods3.57 + 0.10 inW, —-3.24 + E(B - V). Adopting the ZP for the LMC field Cepheids from
0.11inl,-2.72+ 0.12inB, and—-3.06 + 0.11 inV; again, the Groenewegen (2000), we obtained a relative distance modulus
slopes inB, V andl are diferent than in case of the LMC fieldof 0.04+ 0.03 mag with respect to the LMC one, implying that
Cepheids, and are alsofidirent from the NGC 1866 results athe cluster is slightly more distant than the LMC main body. In
more than & level. The result that Galactic Cepheids have @der to establish a connection between this result and the dis-
differentPL slopes compared to the LMC ones contradicts thance between the cluster and its surrounding LMC field, one
standard assumption of universality of tRé& relationship; if needs a model for the geometry of the LMC. There is a general
confirmed, this occurrence allows one to firmly exclude a solemnsensus about the fact that the LMC is a disk galaxy with an

14.2 14

14.4

14.6

P R S
0.4 0.45 0.5 0.55
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Table 5. The distance between the field around NGC 1866 and ttleis dependence on colour suggests an incorrect reddening, anc

LMC centre. in fact we obtain agreement between the distanceB, M |
and W only when the reddening is higher than the canon-
0 i Reference A ical value. More in detail, we compute various distances
©) ) (kpc) cluster-LMC main body, by fixing the reddening each time

at a diferent value. For each reddening selection a distance

258 38 Schmidt-Kaler & Gochermann (1992 0.37 L . . . . -
( ) with its associateddt error is obtained. Typical errors obtained

258 33 Feitzinger et al. (1977) 033 from the fitting procedure are0.02 mag inl, +0.05 mag inv

261 25 Weinberg & Nikolaev (2000) 0.38 and+0.07 mag inB; we then enforce the condition that the

296 18 Groenewegen (2000) 1.02 “true” cluster reddening has to provide the same (within the

232 29 Martin et al. (1979) _065 respec_tlve error bars) relative dlstance_ in all of the three pho—
o tometric bands, equal to the value obtained from the reddening

212 35 van der Marel & Cioni (2001) -1.61

free W index. We obtairE(B — V) = 0.12+ 0.02, where the
error bar is basically determined by the more pret¢idmand
data.
approximately planar geometry; the two basic parameters to be This is an important result, because it points out to a severe
evaluated are the inclination anglend the position anglé underestimate of the cluster reddening, with relevant implica-
of the line of nodes (the intersection of the galaxy plane atidns for the MS-fitting distance. This reddening is also con-
the sky plane), for which elierent estimates exist in the litera-sistent (in the limit of the large dispersion of tKeband data)
ture, as reported in Table 5. Thesdfeiient values for andd with the constraint imposed by thé-band data.
imply different distances between the field around NGC 1866 We have also performed, as a consistency check, a compar-
and the LMC centre, as displayed in Table 5. For a distanisen between the positions of the cluster and field Cepheids in
modulus of~18.50 mag to the galaxy centre, the distances e (V — )o— Io Colour Magnitude Diagram (thé- andl-band
ported in Table 5 correspond to affdrence betweer0.07 PL relationships for the cluster Cepheids are the best defined
and +0.04 mag around this value. By interpreting the clustenes), to verify if the cluster Cepheids are within the Colour
distance modulusftset by 0.04+ 0.03 mag with respect to Magnitude Diagram instability strip of the LMC field objects.
the galaxy main body as the distance between NGC 1866 abwlly FU field objects are displayed, since all cluster Cepheids
the LMC centre, we obtain afiierence of the distance mod-with | photometry available happen to be FU pulsators. We
uli to the cluster and the surrounding fieM{DM) ranging be- have usedE(B - V) = 0.12 for the cluster, the OGLE-II red-
tween zero and-0.11 mag (the field being closer), dependindenings for the field Cepheids, and we have applied a correc-
on the accepted valuesicdndd. This result definitely rules out tion of —0.04 mag to thé magnitudes of the cluster objects, to
the possibility that the valua(DM) = +0.20+ 0.10 obtained account for their distance to the main body of the LMC derived
by S03 can be attributed to the cluster being closer. before. Figure 6 displays the result of this comparison, and
At this point we can also redetermine the cluster reddenisbows clearly thaE(B—V) = 0.12 for NGC 1866 is compatible
by imposing that the distances obtained from B)&/ and|  with the location of the instability strip at the LMC metallicity.
PL relationships (which depend on the assumed cluster red- As a final step we can try to derive an absolute value for
dening) must provide the same relative distance from the LM@e distance to NGC 1866 by applying a calibration for the ab-
main body as obtained froW. We do not use th&-band to solute magnitude of the zero point of the Cephdidsrela-
derive E(B - V), due to the large spread of the cluster data ionship. The release of theipparcosdatabase has prompted
this PL plane and its weak sensitivity to the reddening; hove calibration of the zero point based on parallaxes of Galactic
ever, we will employK data (with thePL slope fixed by the Cepheids by means of the reduced parallax method (see, e.g.,
LMC field Cepheids, as determined by Groenewegen 2000)Resast & Catchpole 1997; Groenewegen & Oudmaijer 2000;
a sanity check for the results obtained frehandl . Groenewegen 2000); the basic assumption in this calibration is
In our analysis we will use the following extinction ratios:that the slope of the GalactiRL relationships are the same as in
the LMC, where they can be accurately determined. The results
by Tammann et al. (2003) and Fouget al. (2003) mentioned

Ag = 4.32E(B- V)

Ay =324E(B-V) before seem to clearly point out to a dependence on metallic-
A = 1.96E(B-V) ity,_ at_Ieast for the slope, whereas the situatio_n about the zero
A« = 0.35E(B- V) point is not clear; therefore LMC distance estimates obtained

with this kind of calibrations areftected by some uncertainty.

following Schlegel et al. (1998), homogeneously with thBlevertheless, we applied the Groenewegen (2000) calibration
OGLE-II (Udalski et al. 1999b) extinction maps; we recall thaif the absolute magnitude zero point of the reddening indepen-
the zero point of the LM@®L relationships is derived from U99 dent WesenheiPL relationship to our NGC 1866 sample, ob-
data and the OGLE-II extinction maps, which provide an avegining a cluster distance modulD$/1 = 18.65+ 0.10. Clearly,
age reddenin&(B — V) = 0.15 for the LMC Cepheids. on the basis of the previous discussion, the reddening depen-

By assuming the canonical vall&B — V) = 0.06, the dent distances obtained from tkiel (andK) PL relationships
cluster results to be more distant than the LMC main bodyould provide a consistent result whE(B - V) = 0.12+ 0.02
by 0.31 mag irB, 0.22 mag iV and 0.18 mag ith. Obviously, isassumed. Based onthe geometrical correctionsin Table 5, the
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Tl Salaris et al. (2003b) have studied in detail the systematic er-
S - rors involved in the RC distance method, when one takes into
account current uncertainties in the determination of the star
.o formation history of the LMC, which is a crucial input param-
Lo ) eter for applying the method. Based on Salaris et al. (2003b)
I Lo v QL . ) results, one should revise the error bar on the previous esti-
15 gl 7 mate, obtainind®M = 18.53: 0.07(randorm%2(systematic)
I B 1 andE(B-V) = 0.05+0.02(random)298(systematic), where the
= r CL00rT L ] systematic error is due to the uncertainty in the LMC star for-
- . LB 1 mation history. The MS-fitting distance to the clustebisl =
152 |- R - 18.33+ 0.08 when using a reddeniigB - V) = 0.064+ 0.011
L Sl 1 and the spectroscopic metallicity [fF§ = —0.5+ 0.1.
L L FR . Our new determination of the clustB{B — V) provides a
- " e . higher value, which implies a longer cluster distance from the
15.4 e - - MS-fitting technique, and therefore a potential solution to the
L hho , distance problem found by S03. In light of the importance of
N T U T S B this issue, we have reexamined the existing case for the canon-
0.4 0.6 0.8 ical valueE(B - V) = 0.06 for the cluster.
(V- The most direct empirical estimate of the cluster reddening
Fig. 6.1o— (V - 1), diagram for the cluster (open circles) and FU LM@€fore our analysis was based on photoeletf#v photom-
field (dots) Cepheids. A reddenirig(B - V) = 0.12 and a correction etry of 4 stars observed by Walker (1974). The author com-
of —0.04 mag inl have been applied to the cluster data. OGLE-fpared the position of these 4 stars in the{ B) — (B - V)
reddenings have been employed for the field Cepheids. plane with a not clearly specified standard Pop | MS, and ob-
tained (assumindg(U — B) = 0.72(B - V)) a value quoted
asE(B - V) = 0.061+ 0.0008 averaging over the individual
field surrounding NGC 1866 is located betwdeh = 18.65 determinations made for the 4 stars (3 of them with 2 inde-
andDM = 18.54. Notice how this last value agrees well witpendent measurements, one with just one measurement); the
the RC distance estimated by S03. formal error is extremely small, and it is possibly due only to
the propagation of the internal error on the individual photo-
metric data. However, the individual reddening estimates show
a dispersion 0+0.035 mag around this mean value, which we
In the previous section we have obtained important results frarelieve is a better estimate of the error. Here, we have redeter-
the analysis of NGC 1866 Cepheid population. First, we ham@ned the cluster reddening (see Fig. 7) using the same method
been able to derive a reddening independent relative distanod cluster data, but using the standard MS Pop | sequence as
between the cluster and the surrounding field, that goes in teported in Table 3.9 of Binney & Merrifield (1998). We have
opposite way with respect to what is necessary to explain theeliminarily checked two importantfiects. The first one is
discrepancy found by S03. Cluster Cepheids provide a difat the cluster Cepheids have metallicity lower than solar, the
ference between the distance to the field around NGC 18&&ond one is that the observed 4 stars are most likely evolved
and the distance to the clust&,DM), ranging between zero off the Zero Age MS, whereas the standard Pop | sequence
and-0.11 (depending on the exact geometry of the LMC disklgpresents the Zero Age MS. In order to check the error in-
whereas S03 found(DM) = +0.20=+ 0.10. troduced by these two factors, we used as a guideline the be-
Second, from the observdel relationships inV and| haviour of theoretical isochrones (Girardi et al. 2000) of ages
we have obtained a new estimate of the cluster reddenibgtween 100 and 200 Myr (the typical age of the cluster) in
E(B-V) = 0.12+ 0.02, which is on the same scale as thine U — B) — (B — V) plane, and found that bottfects are
OGLE-II extinction maps of the LMC. This reddening is aboutractically negligible for the objects observed in NGC 1866.
twice the canonical value used for the cluster. We then obtained from the colour-colour diagram a reddening
Third, in the assumption of universality of the Cephei@(B-V) = 0.08+ 0.03, comparable with the Cepheid estimate.
PL relationships, we have obtained a cluster distance modun-addition, from the B — V) and U — B) colours of one blue
lus DM = 18.65+ 0.10. Based on the geometrical correctionglS star reported by Wa87, we obtaing(B—V) = 0.10+ 0.02
reported in Table 5, this Cepheid distance implies that the fiddgt applying the same method.
surrounding NGC 1866 is located at a distance betvizen= The second evaluation used to support the canonical
18.65 andDM = 18.54. E(B-V) = 0.06 was performed by van den Bergh &
The new result about the cluster reddening has very impétagen (1968). They determined the reddening for a number
tant implications for the distance discrepancy discussed in SO8LMC clusters by comparing their integrated colours with a
first of all, let us reexamine those results. The RC distansandard sequence of intrinsic colours of Galactic open clusters
to the field surrounding NGC 1866 derived by SODiM = (based on results by Gray 1965; Schmidt-Kaler 1967), in the
18.53+ 0.07, and the simultaneous reddening determinatigd — B) — (B - V) plane. They provid&(B - V) = 0.06 for the
provided E(B — V) = 0.05 = 0.02. In a very recent papercluster; the error bar on the individual estimate is unspecified

14.8 |- e o

4. Discussion
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Fig. 7. (U - B) - (B - V) diagram with the photometry of the 4 objectsFig. 8. (U — B) — (B — V) diagram for NGC 1866. The filled cir-

used by Walker (1974) to determine the cluster reddeninfieint cle represents the colours by Bica et al. (1996), the open circle the

symbols correspond toffierent stars; 3 out of 4 stars have 2 observaran den Bergh & Hagen (1968) colours. The quoted photometric er-

tions. The solid line represents the Pop | standard Zero Age MS fraars are equal to 0.02 mag iB ¢ V) and (U — B) for Bica et al. (1996)

Binney & Merrifield (1998). The direction of the reddening vector islata, 0.02 mag ing - V) and 0.01 mag iny — B) for van den Bergh

also displayed. & Hagen (1968) data. The solid line represents the Pop | standard
sequence by Schmidt-Kaler (1967), the dotted line the standard se-
guence used by van den Bergh & Hagen (1968). The direction of the

but they clearly state that “it should be emphasised that indivi§9dening vector is also displayed.

ual reddening values are quite uncertain”. Moreover, they did
not take into account theffect of a possible metallicity fier-  As discussed before, the multicolour RC method giéB —
ence between NGC 1866 and Galactic open clusters. We regg-= 0.05 +0.02(random)$9%(systematic) which, within the
termined the cluster reddening using this same procedure, &a# negligible error bar, is not inconsistent with the Cepheid
both the colours provided by van den Bergh & Hagen (1968)uster value. We have in addition used the same OGLE-II tech-
and the recent redetermination by Bica et al. (1996), whichrigue to derive the reddening for the field around the cluster.
0.01 mag bluer inB - V) and 0.04 mag redder itJ(~ B). We  The method is based on the assumption that the observed RC
have used two alternative colour-colour standard sequencesdightness in thd-band is constant in the LMC (at least for
the Galactic open clusters (see Fig. 8); the first one is the redde bar-inner disk fields observed by OGLE-Il) — due to sim-
tionship given by Eq. (2) of Schmidt-Kaler (1967), which proiiar Star Formation Histories — and thereforéeliences in its
videsE(B - V) = 0.14+ 0.02 andE(B - V) = 0.10+ 0.02 apparent magnitude correspond to extinction (hence redden-
from the van den Bergh & Hagen (1968) and Bica et al. (199)) differences when geometricdtects are negligible or ac-
colours, respectively. In case of using the standard sequence#@mted for. The zero point of the reddening (with an associated
ported in Eq. (6) of van den Bergh & Hagen (1968), we obtaifhcertainty by+-0.02) is fixed by other independent calibrators
E(B-V)=0.06+0.02 andE(B-V) = 0.01+ 0.02. The error and confirmed by the recent work by Tammann et al. (2003).
bar on the individual determinations is due to the photometsy comparing the RC apparehimagnitude given by S03 for
error only, and not to the error associated to the determinatig field around the cluster, with the OGLE-II fields close to
of the standard sequences. It has been possible also to estintieé MC centre, we obtai(B — V) = 0.11+ 0.02. An addi-
the dfect of the chemical composition, by using the theoretional systematic error by29%38 has to be added to this value,
cal results by Girardi et al. (1995). In the hypothesis that tie to the uncertain geometric correction to the observed field,
Galactic standard sequence has solar metallicity, for a typigalis providingg(B-V) = 0_11’:8:83, consistent with the cluster
cluster age of 100 Myr and [fAd] = —0.5 the estimates given reddening.
above should be reduced by about 0.02 mag. All this analysis is clearly based on the assumption that
It is evident, on the base of this discussion, that the cluge extinction laws in the Galaxy and the LMC are the same
ter integrated colours do not provide strong constraints on tinethe B, V, | wavelength range. It is not completely clear if
cluster reddening due especially to the uncertainty in the stahere are dferences for these photometric bands, but very re-
dard Galactic sequence, and are not in clear contradiction witntly Gordon et al. (2003) have published an average LMC
the reddening obtained from the Cepheids. extinction law which is slightly dferent from the Galactic one
As a further check we have compared the cluster reddersed in our study. More in detail, from Gordon et al. (2003)
ing with determinations oE(B — V) for the surrounding field. paper one obtaindg = 4.41E(B - V), Ay = 3.41E(B - V)
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and Ag = 2.14E(B - V); with these ratios the Wesenheit redto uncertainties in the adopted reddening and extinction ratios,
dening free index becomé&¥ = | — 1.69(V — 1) and one also and therefore provides an independent check for the consis-
finds thatE(U — B) = 0.88E(B — V). We have therefore re-tency of our reddening and distance estimates
determined the cluster reddening and the distance between theDur revised MS-fitting cluster distance is also in agreement,
cluster and the LMC main body by using this LMC extinctiorwithin the correspondingdt error bars, with the distance ob-
law. Of course, this test overestimates the ifikgtat of the LMC tained from the WesenhehL relationship applied to the clus-
reddening law, because part of the extinction towards the cltsr Cepheid population, in the assumption that it does not de-
ter and the LMC field is due to the Galaxy (hence one shoyténd on the metallicity. By fixing th®L slope to the value
use the Galactic extinction law), and part to the LMC internabserved in the LMC and calibrating its zero point absolute
extinction. magnitude on Galactic Cepheids withipparcosparallaxes
First of all, we have considered the Wesenheit index, af@roenewegen 2000), thiBL relationship provideDM =
obtained a cluster distance modulus relative to the LMC mal8.65+ 0.10 for the cluster. This implies that within the period
body equal to 0.0% 0.03 mag, almost the same value as faange spanned by the cluster Cepheids considered in our analy-
the case of using Galactic extinction ratios. We have then ®is, the metallicity ffects on the WesenhdL_ relationship ap-
estimated the cluster reddening from its Cepheid population pgar to be small, and probably in the direction of slightly over-
using the same procedure discussed in the previous sectioneggémating the cluster (which is on average more metal poor
a first step we redetermined the zero points of the OGLEthan local Cepheids) distance.
reddening maps using the Gordon et al. (2003) LMC extinc-

tion law; we found that thé&(B — V) zero points are changedacknowledgementsThis research has made use of the SIMBAD
by at most 0.01 mag (in the direction of increased reddeningjtabase, operated at CDS, Strasbourg, France. This publication
We then corrected appropriately the individual field Cepheiflakes use of data products from the Two Micron All Sky Survey,
reddenings by considering a zero pol{B — V) higher by which is a joint project of the University of Massachusetts and
0.01 mag and employing the LMC extinction ratios; we redetghe Infrared Processing and Analysis Cef@alifornia Institute
mined the fieldPL relationships, that show an unchanged slogé Technology, funded by the National Aeronautics and Space
and zero points slightly brighter than what used in the previoﬁgministration and the National Science Foundatiqn. We thanl_< an
chapter. These relationships have been then fitted to the clugfgnymous referee for lifer comments and suggestions, which im-
data (using again the above mentioned LMC reddening lafjff'ved the presentation of our results.
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ter reddening that is within 0.01 mag of the value 0£12.02 References

estimated before. ] o
It appears therefore that changes in the extinction ratiAlsveS’ D., Rejkuba, M., Minnit, D., & Cook, C. 2002, ApJ, 573, L51
PP 9 Rip, H., & Thackeray, A. D. 1967, ApJ, 149, 73 (AT67)

consistent with available observations do not influence appigs e ict, 6. F., McArthur, B. E., Fredrick, L. W, et al. 2002, AJ, 123,

ciably our determination of the reddening to the cluster. Also 473

the estimates based on the colour-colour diagrams discussed, E., Clar#, J. J., Dottori, H., Santos Jr., J. F. C., & Piatti, A. 1996,

before are not altered by more than 0.01 mag when using theseapJs, 102, 57

LMC extinction ratios. Binney, J., & Merrifield, M. 1998, in Galactic Astronomy, Princeton
We can now conclude by studying th&ext of this new Series in Astrophysics (Princeton University Press), 106

reddening determination on the MS-fitting distance mod@&9te, P., Welch, D. L., Mateo, M., Fischer, P., & Madore, B. 1991, AJ,

lus?2. When the Cepheid-base#(B — V) = 0.12 + 0.02 is 101, 1681 _

employed, and assuming the same spectroscopic metalli&f™: R- M. Skrutskie, M. F., Van Dyk, S. et al. 2003,

[Fe/H] = —0.5+ 0.1 as in S03, the clust®M is increased by Explanatory Supplement to the 2MASS All Sky Data Release,

. . _ http://www.ipac.caltech.edu/2mass/releases/allsky/
0.25 mag with respect to S03 results, givibg/ = 18.58 + doc/explsup. html

0.08; when compared to the RC distance of the surroungs;inger, J. v, Schmidt-Kaler, T., & Isserstedt, J. 1997, A&A, 57,
ing LMC field, this distance provideA(DM) = —0.05 + 265

0.10(random)3 52(systematic), in agreement with the valuegeast, M. W., & Catchpole, R. M. 1997, MNRAS, 286, L1
inferred from the Cepheids plus the geometrical correctiomuqi€, P., & Gieren, W. P. 1997, A&A, 320, 799
The absolute values of the distance to the LMC obtained frarouq€, P., Storm, J., & Gieren, W. P. 2003, in Stellar candles for
both the RC method and the cluster MS-fitting are therefore the extragalactic distance scale, Lecture Notes in Physics, ed. W.
consistent. It is interesting to notice that, within the &r- Gieren, & D. Alloin (Springer), in pressaptro-ph/0301291]
ror bar, this MS-fitting distance is consistent with the resufteedman, W. 2001, ApJ, 553, 47
by Gieren et al. (2000b), based on the infrared surface brigﬁ‘f-er(gnz*ovgb)P-' @Mmez, M., Storm, J., et al. 2000a, ApJS, 129, 111
ness technique applied to one cluster Cepheid, which provides . .
DM = 18.4gi OT()) This latter determinpation, albeit FE)aseg'eren’ W.P., Richtler, T., & Hilker, M. 1994, A&A, 433, L73
at the moment on just one object, is largely insensitive® Gieren et al. (2000b) used a reddenindgE¢B — V) = 0.07 in their
analysis, and th&, — (V — K) surface-brightness relation of Fougu”

2 Also these results are noffacted appreciably if we use the LMC& Gieren (1997). When using our derived reddenings¢B — V) =
average extinction law by Gordon et al. (2003) instead of the Galadclid2 and the latest calibration by Nordgren et al. (2002) we estimate
one. the surface-brightness basbd/ will go up to 18.46.




896 M. A. T. Groenewegen and M. Salaris: The Cepheid distance to the LMC cluster NGC 1866

Gieren, W. P., Storm, J., FouguP., Mennickent, R. E., & @hez, M. Schmidt-Kaler, T. 1967, AJ, 72, 526

2000b, ApJ, 533, L107 Schmidt-Kaler, T., & Gochermann, J. 1992, in Variable Stars and
Girardi, L., Chiosi, C., Bertelli, G., & Bressan, A. 1995, A&A, 298, Galaxies, ed. B. Warner, ASP Conf. Ser., 30, 203

87 Shapley, H., & Nail, V. M. 1950, AJ, 55, 249
Girardi, L., Bressan, A., Bertelli, G., & Chiosi, C. 2000, A&AS, 141,Sperl, M. 1998, Comm. Astroseismology, 111, 1

371 Storm, J., Andersen, J., Blecha, A., & Walker, M. F. 1988, A&A, 190,
Gordon, K. D., Clayton, G. C., Misselt, K. A,, Landoldt, A. U., & L18

Wolff, M. J. 2003, ApJ, 594, 279 Tammann, G. A., Sandage, A., & Reindl, B. 2003, A&A, 404, 423
Gray, D. F. 1965, AJ, 70, 362 Thackeray, A. D. 1951, MNRAS, 111, 206
Groenewegen, M. A. T. 2000, A&A, 363, 901 Udalski, A., Szymaski, M., Kubiak, M., et al. 1999a, AcA, 49, 201

Groenewegen, M. A. T., & Oudmaijer, R. D. 2000, A&A, 356, 849 Udalski, A., Soszgski, |., Szymaski, M., et al. 1999b, AcA, 49, 223
Hill, V., Francois, P., Spite, M., Primas, F., & Spite, F. 2000, A&Ayan den Bergh, S., & Hagen, G. L. 1968, AJ, 73, 569
364, L19 van der Marel, R. P., & Cioni, M.-R. L. 2001, AJ, 122, 1807
Luck, R. E., & Lambert, D. L. 1992, ApJS, 79, 303 Walker, M. F. 1974, MNRAS, 169, 199
Martin, W. L., Warren, P. R., & Feast, M. W. 1979, MNRAS, 188, 13Walker, A. R. 1987, MNRAS, 225, 627 (Wa87)
Nordgren, T. E, Lane, B. F.,, Hindsley, R. B., & Kervella, P. 2002, AdNalker, A. R. 2003, in Stellar candles for the extragalactic distance

123, 3386 scale, Lecture Notes in Physics, ed. W. Gieren, & D. Alloin
Pietrzyiski, G., & Gieren, W. P. 2002, AJ, 124, 2633 (Springer), in pressastro-ph/0303011]
Salaris, M., & Girardi, L. 2002, MNRAS, 337, 332 Walker, A. R., Raimondo, G., Di Carlo, E., etal. 2002, ApJ, 560, L139
Salaris, M., Percival, S., Brocato, E., Raimondo, G., & Walker, A. RVeinberg, M. D., & Nikolaev, S. 2001, ApJ, 548, 712

2003a, ApJ, 588, 801 (S03) Welch, D. L., Mateo, M., ©fe, P., Fischer, P., & Madore, B. 1991, AJ,

Salaris, M., Percival, S., & Girardi, L. 2003b, MNRAS, in press 101, 490 (We91)
[astro-ph/0307329]



