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Abstract. | cross-correlate theGLE database of Cepheidsin  The 16 derivedP L-relations (inW.JH K for FU and FO
the Large and Small Magellanic Clouds (MCs) with the secomailsators for LMC and SMC) are used to derive a relative dis-
incremental release of tlla1ass JH K survey, and theeNnis  tance modulud\gyic_r.vc = 0.50 +0.02 assuming no metal-
1J K, point source catalog towards the MCs. licity correction. Two recent theoretical models predict different

Of the 3384 Cepheids inGLE in both Clouds, 1745 have ametallicity corrections, indicating a systematic uncertainty of up
counterpart in th@mass survey within an ¥ radius and good- to 0.1 mag.
photometry in all three bands. Only 173 have a counterpart in Using the database of Galactic Cepheids observedimith
the DENIS survey within an 1 radius and good-photometry inpArRcos and the method outlined in Groenewegen & Oudmaijer
all three bands. The reason for this difference is that the limitifg000), the zero points of Galactie L-relations for FU pul-
magnitudes of th@mAss survey are considerably fainter tharsators inlW and K are derived, using the newly derived slopes
for the DENIS survey. for LMC and SMC pulsators.

The standard stars of the Carter IR photometric system are Combining the zero points of the Galactic and ME&-
also correlated with th2mass survey to derive transformationrelations distance moduli of 18.68 0.11 (based o) and
equations from the naturahMass system to the Carter-system18.55+ 0.17 (based oK) to the LMC, and of 19.1% 0.11

In order to describe to first order the geometrical configur@4) and 19.04+ 0.17 (K) to the SMC are derived (without
tion of the MCs a plane is fitted to the reddening-free Wesenhtgking into account possible metallicity corrections).
index W = I — 1.55 x (V — I)) and the inclination and posi-
tion angle of the line-of-nodes are determined. For the LMC &®y words: stars: distances — stars: variables: Cepheids —galax-
inclination angle of 18t 3° is derived, somewhat smaller thaies: Magellanic Clouds — cosmology: distance scale
previous determinations. For the SMC a valué ef 68 +2° is
derived in good agreement with previous determinations. These
results are being used to take out the effect that some Cepheids .
are closer to the observer than others. For the LMC this effdct/ntroduction
is small over the area covered by theLE survey, but for the Cepheids are important standard candles in determining the
SMC PL'rela.tionS W|th a reduced scatter are derived in th&tra_gaﬂactic distance Sca|e_ The resu'ts Of H]hlBPARCOS
way. Nevertheless, the dispersion in tAé-relation inWV’ for  mjssjon allowed a calibration of the Galactic Period-Luminosity
the SMC s larger than that for the LMC, indicating a significantp 1, relation in thel’-band (Feast & Catchpole 199%),and
intrinsic depth of the SMC of about 14 kpc (front-to-back). The-pands (Lanoix et al. 1999a) and, I, K and the reddening-
depth of the LMC is found to be small Compal‘ed to the intrins-f?ee Wesenheit index (Groenewegen & Oudmaijer ZOOO, here_
scatter in theP” L-relation. after GO0O0). Feast & Catchpole (1997) and GO0O combined

Using single-epocimass dataforthexGLE CepheidsPL-  these data with available data on LMC Cepheids to determine
relations are fitted i/ H K (on the Carter system) for both Funthe distance to the LMC. It is well know that the infrared has
damental mode (FU) and First-overtone (FO) pulsators, takiggme considerable advantages over the optical region for de-
out the effect of the inclined disk. Because of the large numi@fing distances. First of all the problem of reddening is less
of stars available, this results in the most accurately determingghortant, and second, as summarised in GOOQO, the effect of
slopes in the infrared up to now, and slopes for FO pulsatQffetallicity on the PL-relation seems to be less. Of the 236
derived for the first time. This provides additional constrainsepheids in the sample considered in GO00, only 63 have suffi-
for theoretical models. ciently well determined infrared light curves to determine accu-
rate intensity-mean magnitudes (also see Groenewegen 1999).
In addition, the number of Magellanic Clouds (MCs) Cepheids
Send offprint requests toMartin Groenewegen (groen@mpa-Wwith well determined infrared lightcurves is also rather small,
garching.mpg.de) of order 20 in each Cloud (Laney & Stobie 1994, 1986a).
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The micro lensing surveys have increased the numberldiC and 2048 SMC Cepheids inGLE and 236 Cepheids in
known Cepheids in the MCs tremendously and they providlee HIPPARCOS catalog considered in GOOO.
optical photometry for many of them. In particularly, Udalskiet The correlation between the source list and theass
al. (1999b,c; hereafter U99@)crecently published the resultsdatabase was at first instance done using a search radius of
on Cepheids in the Small and Large Magellanic Cloud from ti&. Inspection of the match between the'LE and HIPPAR-
OGLE survey. Complementary, inthe infrared, theass survey cos Cepheids and@mass indicated a much better positional
is an ongoing all-sky survey in theH K near-infrared bands, coincidence. This is to be expected as2he\ss positional ac-
that, when completed, will contain of order 300 million starsuracy is<0.2’ (Cutri et al. 2000) and the internal accuracy
(Beichman et al. 1998). Thavass team released their secondf the oGLE database is about 0./15vith possible systematic
incremental data setin March 2000, thatincludes the MC areaelimors of<0.7” (U99b,c). In quite a few cases there was a sec-
parallel, thebENIs survey is a survey of the southern hemisphend2MAss source (not the counterpart) within the search radius
in IJK, (Epchtein et al. 1999), that recently released a Poiot5”. The match betweenAss andHIPPARCOS was excel-
Source Catalog (PSC) of sources in the direction of the M@t with the largest positional difference being 0.5 view of
(Cioni et al. 2000a). this, asecond and final correlation was made foHtfr@ARCOS

Inthis paper thecLE database is correlated with tieass  andocLE Cepheids using a search radius 6f Seventy-two
second incremental database andiimerrs PSC of MC stars correlations were found with theippArcOs Cepheids, 1511
(Sect. 2), transformation formulae from the nat@milass sys- with the ocLE SMC, and 894 with thecLE LMC Cepheids.
tem to the Carter (1990) system are derived (Sect. 3), the spafiaé small number of correlations withpPARCOS is due to the
structure of the MCs is investigated (Sect. 4), &dtrelations fact that the2mAss survey is not yet complete in sky coverage.
in JH K for fundamental mode and first overtone pulsators de- On this 2mass dataset a further selection was performed
rived (Sect.5). The results are discussed in Sect. 6. to retain only those sources with reliablé/ K photometry in

all three bands. It is worthwhile to recall here that the “rd-flg”
in the 2mAss database gives essential information on the qual-

2. OGLE, 2MAss and DENIS sample selection ity of the magnitudes (Cutri et al. 2000). In particular, objects
U99b,c describe the dataset regarding Cepheids in the dirg(.@-er.e the rd-flg IS O. (indicating an upper limit) or 3 or 8 (in-
tion of the LMC and SMC, obtained in course of theLe-11 icating saturation) in any of the three bands are eliminated.

Epe final2mass database of Cepheids consists oftb2PAR-

micro lensing survey. Twenty-one fields in the central parts . X
the LMC, and 11 fields in the central parts of the SMC of siZe”s Cepheids (not discussed further), 835.E LMC and 920

14.2 x57 each were observed iBV I, with an absolute pho- OGLE SMC Cepheids. Th@mass andoGLE coverage of the

tometric accuracy of 0.01-0.02 mag. U99b,c present tables gg/llc are notidentical, and réM4ss sources are found iDGLE

field, with (amongst other items) identification number, puls € C_iI_ShLMC'SCG’ ! anq 21. fh th TAK
tion period,BV I photometry,E (B — V') and pulsation mode. hte ]_DENf{S Turlvgegygls ? ervglyz%ooe sout fm skyli f{ |
The E(B—V) value was derived by them using red clump stargEIOC €n et al. )- In Apri » a point source catalog

and the pulsation mode was derived by them from two Fouri ,?S released containing sources and single-epoch photometry

t . f tH light forin the direction of the MCs (Cioni et al. 2000a). A_subset of
g:{:ﬁgi e_zrrs edseemézga rvc\J/renre ggz;g el? frgrlg\ifte(mss‘i\gnngggg 2 r264347 LMC and 69829 SMC sources detected in all three

(http://sirius.astrouw.edu.plbglef) in April 2000. band was obtained usimgp from www.strw.leidenuniv.nl (cd

As noted in U99b,c there are about a 100 objects in egalljb/ Idac/ d_;:_mc)AThbestz)were ccc)jrrelated agtal_niti)mﬁzsdurt-
cloud that appear in 2 or more fields. They provide a list with theY on posqt;tlmt. s bo hGLEtr‘?n DENIS Cg.?f amni- abn twa a th
relevant field and identification number, but | did this positionétlWas possible to verify how the average difference between the

correlationindependently. Values for the photometry, period afd-® andpeNIs I-data depends on the search radius. Since the

E(B — V) were averaged where appropriate. The final numb LE data contain intensity-mean magnitudes, butrthas

. ; ; : ta are single-epoch data, one has to allow for variability. For
of Cepheids detected lyGLE in the LMC is 1335, and in the a ’ .
SMC F2)O4I8. e ! ! the SMC, and a search radius d¢f B3 cross-correlations were

und. The average difference in position is @.6fd the mean

in the.J F K, near-infrared bands. On March 2, 2000 theass bsolute difference itf is 0.18 mag. However, for the 21 stars

. " ; 0
team released the second incremental data set, that includedY Q}a pos!tlonal difference larger thal’f,19. (or 43./0) have a
’ﬂb erence in/ of larger than 0.8 mag, whichis atypical value for
t

MC area. The easiest way to check if a star is included in t e amplitude for a Cepheid in tHeband. For the stars with a
release is by uplinking a source table with coordinates to g ) L
y up g itional differences less thafi,this is only 5 out of 67 or 7%.

2MAss homepage. Such atable was prepared including the 133 . . .
pag prep 9 Iven the internal accuracy of the positions in thevis survey

, . .
1 In April 2000 theocLE team released a re-reduced dataset chan(éf-O'S./ (Epchtein et al. 1999), a Search' radius 6@ems ap- .
ing the photometry slightly, and hence tRé.-relations with respect to ! ropriate to reduce the numbgr of spgrlous as§OC|at|ons, which
those in the papers published in 1999. The new data and corresponéi’ﬁ“n"g“pported by the large fracfclon of highly _deVIéiFiband data

P L-relations can be found on te:r.E Homepage. When appropriateWhen a larger search radius is used. As discussed below some

| will refer to these new values. true identifications are missed in this way however. Also some

The2mAss survey is an ongoing single-epoch all-sky surve
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false coincidences are undoubtedly included (as for the corBsurces brighter than 7-8 magnitudes will saturate in the 1.3-s
lation of OGLE with 2MmAss) but these will be removed usingR2-R1 exposures. These objects have default magnitudes from
sigma-clipping when deriving L—relations. Using a search ra-aperture photometry performed on the 51-millisec R1 frames.

dius of 7’ the number of correlations betwepnNis andoGLE ~ Such sources have rdgfi= 1 in theappropriate band. Stars

is 71 in the SMC, and 102 in the LMC, for stars with gootbrighter than approximately fifth magnitude will saturate in even

photometry in all three bands the 51-millisec exposures. The rd-flg value for the appropriate
It was verified whether all correlations betweemnnis and band is 3.
OGLE were also found in the match betweZmass andoGLE. Among the 34 sources, there are 15 sources with rd-flg =

Ofthe 71 SMQOGLE + DENIS stars, 61 are also found2mass. 111, 10 with rd-flg = 112, 1 with rd-flg = 122, 4 with rd-flg =

In three of the 10 cases where there is no match this was @22 and 4 sources with rdgfl= 3 in atleast one of the bands.

to the positional difference which was 1” betweenoGLE The latter were not considered.

and2MAss. In the other 7 cases itis less clear, possibly related Fig. 1 plots the differences “Carter - 2Mass” vergus- K)

to the variable nature of the objects. Of the 102 LMGLE + (2Mass), and “2Mass - Carter” versus— K) (Carter) in/H K.
DENIS stars, 80 were also found1ass. In one of the 22 other For these nearby stars reddening is neglected. The errors in the
cases this was due to a positional difference-of” between individual magnitudes are taken from theass database (typ-
OGLE and 2MAss, and< 1” betweenoGLE andDENIS. One ically between 0.01 and 0.03 mag), or are 0.025 mag in the case
case is puzzling, and the other 20 cases are aildne fields of the Carter system following the estimate in Carter & Mead-
LMC-SC6, 7, 21, which apparently have not been covered bws (1995). Linear least-square fits show that the significance
2MASS. ofthe derived slopesis less thanih H K and about 1.5in K,

The number of correlations beweereNts and OGLE is indicating that there is at present no indication of a colour term
much less than the number of correlations betweene and in the transformation from th2mass to the Carter system. The
2MASS. Some tests usingenis data of sources detected In average off-sets atE (Carter)— K(2Mass) = +0.01 0.008,
and.J only, showed that this is mainly due to the lack of detedd (Carter) — H(2Mass) =—0.021 + 0.009 andJ(Carter) —
tions in K. Some tests in a fewGLE fields showed that there J(2Mass) = +0.048& 0.007 (internal errors). The dispersion in
may be an equal number of CepheidsoiaLE with DENIS I  all three plots is about 0.03 mag. This analysis indicates (A) that
and.J photometry. In any case it is clear however, that for th@ere might be small off-sets between the two infrared systems,
purpose of determining L-relations in the infrared using theand (B) that the absolute photometric calibration of both is un-
largest possible samples, tReass survey is of more interest, certain at the 0.01-0.02 mag level. This issue may addressed in
because it reaches fainter magnitudes. more detail when th@mass survey has been completed and

In Appendk A a comparisonis presented betweentiha1s  this analysis may be repeated using a larger number of stars.

I andoGLE I andpENis J K and2Mmass J K photometry. This Regarding the same issue, Nikolaev & Weinberg (2000) note
has its limitations since the comparison is done using varialtkeat the2mass system is similar to the CIT/CTIO system (Elias
stars. Yet it may still be of some interest to other workers, asal. 1982; Persson et al. 1998) except for feband. They
such a comparison has not been done yet. note that the difference of the absolute valué Bt v — Kj)

is less than 0.05 mag.

3. Transformation of the photometric system

The photometry presented by tAeiass-team is on the natural 4. The spatial structure of the LMC and SMC

system. However, many of the extisting infrared photometry dn this section the spatial structure of the MCs is being investi-
both Galactic (Laney & Stobie 1992; Groenewegen 1999) agdted in terms of the usual approximation of a flat disk, using
MC Cepheids (Laney & Stobie 1994) is on the Carter (199@)e largest possible dataset, that is the.E sample (without
system or has been transformed to that system. It is therefére correlation with2mass). The secondary aim is to correct
imperative to estimate any systematic differences between theany depth effects in order to obtain tightei -relations.
Carter and the natur@hass system. Cepheids have previously been used to determine the spatial
From Carter (1990) and Carter & Meadows (1995) 116 stesBucture of the MCs, for example Caldwell & Coulson (1986)
with K > 5 were taken, and a table with coordinates was upthose model for the LMC is a plane of insignificant thickness
linked to the2mAss homepage to perform a search on positicimclined by 29+ 6° with the closest part at position angle (P.A.)
using a search radius of ZThirty-four matches were found; the52 4- 8°. For the SMC they find that a planar model is barely
largest positional difference was ¥.However, not all entries sufficient to describe this galaxy, and derive an inclination of
are useful as some of the brighter stars still saturat@thess 70+ 3° with the closest part at P.A. 58 10°. Laney & Stobie
detectors in one or more bands, despite the a-priori exclusid@®86a) reach similar conclusions and detive 45 + 7 for the
of stars withK < 5. The vast majority of stars ilmass have LMC with the nearest part at P.A. 5517°. Values for inclina-
“default magnitudes obtained using profile-fit photometry petion and position angle derived from other methods and a more
formed simultaneously on the combination of all six individualeneral discussion can be found in the monograph by Wester-
1.3-seconds “Read 2-Read 1" (R2-R1) exposures” (Cutri et kind (1997). Most recently, Weinberg & Nikolaev (2000) used
2000). These sources have rg-f 2 in theappropriate band. star counts from th@mass survey of the LMC, and a model
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for the number density of stars, to derive inclinations betweean derive its distance(see below). This coordinate system (
24 and 28 degrees, and position angles of the line-of-nodes He-) is transformed into a rectangular coordinate systegyu(,
tween 169 and 173 degrees depending on the population, ag)dwhich has its origin at the centex(, éy, R) of the LMC or
an inclination of 42.3+ 7.2° from carbon-rich Long Period SMC, thezy-axis towards the observer, thg-axis anti-parallel
Variables (LPVs). to the right ascension axis, ang parallel to the declination
The coordinate transformations that are necessary have caxis. Another rectangular coordinate system is introdueéd (
veniently been written down in Appendix A.1 in Weinberg &/, 2’), which is rotated about thg-axis by an anglé counter-
Nikolaev (2000). To summarise, for every Cepheid under coclockwise (counting East of North), and about the névaxis
sideration one knows its right ascension and declination, and dtree line-of-nodes) by the inclination anglelockwise (that is
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Table 1. P L-relations in the LMC of the formd/ = a x log P + b

solution M a b o N Remarks

1 W —3.300£0.011 15.868+0.008 0.058 668 U99a; FUog P > 0.4; 2.5 clipping

2 W —-3.303+0.012 15.869+ 0.008 0.059 639 This paper; Fldg P > 0.4; 2.50 clipping

3 W —-3.310+£0.014 15.871+0.009 0.073 673 This paper; Flbg P > 0.4; 40 clipping

4 W —3.3204+0.013 15.880+0.009 0.074 713 This paper; FU; &g P; 4o clipping

5 W —3.4254+0.017 15.380+ 0.006 0.060 457 U99a; Fyg P > —0.2; 2.50 clipping

6 W —3.434+0.017 15.383+0.006 0.060 424 This paper; Fg P > —0.2; 2.5 clipping

7 W —3.400+0.018 15.369+ 0.007 0.072 450 This paper; FO; &k P; 4o clipping

8 W —3.3004+0.032 15.323+0.013 0.068 344 This paper; Fg P > 0.25; 4o clipping

9 W —3.266 +£0.050 15.385+0.009 0.084 108 This paper; Fg P < 0.25; 40 clipping

10 W —-3.337£0.013 15.890+0.008 0.072 713 FU; albg P; 40 clipping; planar effect taken out
11 W —3.398+£0.018 15.3704+0.007 0.072 450 FO; albg P; 4o clipping; planar effect taken out

rotation from the newj-axis towards the-zy-axis). Note that theoretically, one would expect this change of slope to occur
there seem to exist slightly different definitions in the literaturat shorter periods for higher metallicity (Alibert et al. 1999).

regarding this issue, related to, for example, the definition ®éble 1 also includes a fit using no constraint on the period
negative/positive inclinati¢h (solution 4). The results are nearly identical, but obtained for a

The above procedure assumes one knows the distance tdahger sample.
center of the galaxy, and the distance to the individual Cepheids. U99a only briefly mention the result for the slope derived
To this end an observeR L-relation is used, together with afor First Overtone (FO) pulsators, and, in fact, more details are
typical distance (the assumed value fois arbitrary because given on theoGLE Homepage (entry 5 in Table 1), which has
one basically look at residuals in magnitude space relativelieen derived for stars wittog P > —0.2 (Udalsky, private
the observed meaf? L-relation. However, for convenience, itcommunication). | find essentially the same result (solution 6),
is preferred here to work in physical, rather than magnitudalso using a less stringent 4lipping (solution 7). However, for
space, and therefore an arbitrary mean distance to the centerasfsistency, a cut-off dbg P = 0.4 for FU pulsators should
the galaxy has to be adopted). correspond to a cut-off at abola; P = 0.25 for FO pulsators,

In particular, the PL-relation using the reddening-freeaccording the usual ratio %/ P; (for example Feast & Catch-
Wesenheit-index using th& and I colours is being used aspole 1997). Table 1 gives the solutions for stars above and below
the reference’ L-relation. This is done as the observed scattéhis cut-off in period (solutions 8, 9). The slopes are nearly iden-
in this relation is less than in thBL-relations inV or I, and tical, but there is a significant off-set in zero point. Bauer et al.
because the Wesenheit-index, by construction, does not dep@rg®9) for a smaller sample of 113 FO LMC Cepheids detected
on the assumed value fdf(B — V). It depends only on the by Eros found that both zero point and slope did not depend
reddening law. Its definition i8V = I — 1.55 x (V' — I) for on a cut-off in period. However their error bars are roughly 4
the ocLE filter system and the extinction law by Cardelli et atimes larger than here, and so their sample may not have been

(1989) (Udalski et al. 1999a; hereafter U99a) large enough to detect this effect.
For the investigation of the effect of an inclined disk the FU
4.1 The LMC pulsators are being considered first, using the relevant observed

P L-relation (solution 4). An arbitrary distance to the center of

U99a derived the zero point and slope of thg-relation inT/, the LMC of R = 50 kpc is assumed, and the center of the
for periods longer than about 2.5 days and fundamental pulsatisk is assumed to be given by the mean of the 713 Cepheids
(FU), and applying clipping at the 2:3evel (see Table 1, entry in the sampleg = 81.384, 69 = —69.782 degrees (J2000).
1). They used this cut-off in period as in the SMC there is Bhe observed®L-relation is then transformed into an absolute
change of slope at shorter periods (Bauer et al. 1999). UsigationMyy = —3.320 log P —2.615, and with this the distance
the same criteria | derive almost identical results (solution 2 every Cepheid can be calculated, and the coordinates(,
altough | would prefer to use a less stringent clipping to hawg) and @', v/, z’) determined for an assumed position angle
a larger sample. A solution with clipping at the level is also and inclination.
included (solution 3). There may be one caveat of working in real space rather

The change of slope observed in ttreos data for the SMC than magnitude space that should be pointed out here. The dis-
was not observed in the LMC (Bauer et al. 1999), and alpersion around the observéd.-relation is due to three effects.

2 X N . he depth effect along the line-of-sight, or, equivalently, the dis-
In particular, using the present notation, the result of Caldwell . 2 .
Coulson (1986) implie® = 232 + 8, the result of Laney & Stobie ancez to the plane ofthe_sky, photometrlgerrors, "’“.‘d Qosmlc
(1986a) implie® = 235+ 17, and that of Weinberg & Nikolaev (2000) scatter. The latter term arises because a lifdarelation is an

implies a P.A. of the line-of-nodes between 259 and 263 degrees fProximation, metallicity effects, or other effects. The photo-
the LMC. metric errors are small (of order 0.01 mag) and the other two
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Fig. 2. Distribution on the sky of FU Cepheids who are brighter (filledrig. 3. As Fig. 2 fori = 0 andf = 26°.

squares) or fainter (open circles) than the mBdnrelation (upper left

panel), and projection inx(, v, z’) coordinates foi = 0 andf = 0. g ' e
Solid lines indicate the results of linear least-square fits. F ] °

(degrees)
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effects are difficult to distinguish, and when considering cor
relations of the residual magnitudes with respect to the me
P L-relation with position need not to be distinguished. Whe
working in physical space, the values derived ar®lOT the
actual distances below or above the mid-plane. In fact the val-
ues for the distance to the mid-plane are upper limits as the
“cosmic” dispersion is hon-zero. o
Fig. 2 shows the distributions fér= 6 = 0. The upper-left
panel shows in filled squares stars that are closer to the ob-
server (that is brighter than thfeL-relation) and in open circles B
Cepheids that are further away (fainter thanﬂlbrelationﬁ. SR T
The other 3 panels show the projection on to different planes. |
From the top right panel a rotation angle of approximately 26
(c.q. 206) or 116 (c.q. 296) degrees is derived. The question of _ |
the inclination is not immediately clear. Fig. 3 shows the distri-
bution and projections fof = 26 andi = 0. Thez’-axis now
runs along the major axis from bottom left to top right ajid
axis runs along the minor axis from bottom right to top left. Thejg 4. As Fig. 2 fori = 0 and¢ = 24° and FO pulsators.
z' andy’ coordinates are now uncorrelated, by construction.
Their is no correlation betweeri andy’, indicating no rotation
over thez’-axis. The correlation betweesi andz’ indicates a This analysis was repeated using all FO pulsators (solution
rotation along the’-axis by 18 degrees with the south-east pam, and Fig.4 shows the result for= 0 andd = 24. The
tilted towards us. Given the definition of the coordinate systeiaclination implied by the slope in the’ andy’ plane is not
and considering the errors in the slopes, this implies a positigignificant being 16 17°, and the slope in the other plane of
angle of the line-of-nodes &f= 296 4 0.5, i = 18 + 3°. 10+ 5° is consistent with that derived from the FU pulsators.
These results are in fair agreement with previous results in
% In the electronic version, this is highlighted by using differerithe literature, where larger inclinations are usually quoted (see
colour schemes as well. the beginning of Sect. 4.0). Probably the main reason is that

1@

n

Dedlirfat

-0.5 0 0.5 -2 -1 0 1 2
Y (kpc) X' (kpc)




M.A.T. Groenewegen: LMC and SMC Cepheids: combinirg.E with DENIS and2mass infrared data 907

re) o
=L | =
o
&
) )
a =
B ]
P
3 =
2 <
3 =
T 0
T 9+ 7
x o
©
g
=] * . * . * ! * ! * . . I . . . . I . . . . I . . . . I
4 -2 0 2 4 0 0.5 1 15
Z (kpc) Log P

Fig. 5.1f the intrinsic spread of thé” L-relation were zero, this would Fig. 6. Final PL-relation in W for FU mode pulsators in the LMC

be the distribution of stars along the line-of-sight towards the LMGyhen the depth effect has been taken out. The drawn line is the best fit.
Positivez are towards the observer. As the intrinsic spread is in fact

0.008 mag, the horizontal scale should be compressed in such a way
that the 4 kpc thick actually correponds to 450 pc.

those studies covered a much larger area, and not only the bar
region. In particular it would be extremely useful to haveLE
fields at some distance from the bar, along P.A. of about 30, 12§O§
210 and 300 degrees. One other possibility is that the structure |
of the LMC is truly different in the central region from the more :
global structure. A very recent preprint (Zhao & Evans 2000) < © 7
eluded to the possibility of an off-setted and misaligned LMC S S B
bar with respect to the LMC disk. 0 0.5 ! 1o
As a further illustration Fig. 5 depicts the distance from the Log P
mid-plane assuming no intrinsic scatter of thé-relation. In  Fig. 7. As Fig. 6 for FO mode pulsators in the LMC.
fact, this plot illustrates the upper limit to this distribution, and
the true distributions-scale) should be compressed by a factor
of about 9 (see below). intrinsic spread of 0.2 mag, from which they derive a front-to-
From McCall (1993) it is estimated that the layer contairback thickness of-14 kpc, after they rejected other possible
ing 99% of young stars has a thickness of .0.3 kpc, for a explanations. For a similar population, Bessell et al. (1986),
distance to SN 1987A of 51.2 1.2 kpc (Panagia 2000). Thefrom the intrinsic line-of-sight velocity dispersion of old LPVs,
half-thickness of the layer containing 50% of the young staderived a vertical scale heighf ~0.3 kpc, consistent with the
can then be calculated to be G£10.03 kpc. McCall also de- notion of a thin disk.
rives H/Ry, = 0.120 + 0.031, whereH is the vertical scale  Although it will turn out academic for the LMC, it will be
height andR, the radial scale length of the LMC disk. F&  discussed now, how an improveelL-relation can be derived
between 1.4 and 1.8 kpc derived fralmass data (Weinberg once position angle and inclination have been determined. If
& Nikolaev 2000), this results ifd = 0.19 4 0.06 kpc. Taking the approximation of a thin disk is correct, one can calculate
this latter value, it is concluded that at the distance of the LMBose distances;, respectivelyr, that make:; = 0 andz’ = 0
the thickness of the LMC disk gives rise to a dlispersion in (for fixed o andé and givenf and+). That is, for every star
P L-relations of approximately 0.008 mag only. The total frontne can subtract the correction in magnitudéod(7/r’), to
to-back depth corresponds only to 0.043 mag. put all stars in the plane of the sky, and then fit the-relation
A final remark regarding this topic is that the theoreticallggain. Planar effects are in this way taken out. The result is
predicted dispersion in the Wesenheit-index is 0.10 mag (Boiisted in Table 1 as solutions 9 and 10, and are essentially the
& Marconi 2000, private communication). This is in fact slightiysame as solutions 4 and 7 with only marginally lower errors and
larger than the observed one. However, this is again consistiw fit coefficients. This indicates that over the region covered
with the notion that the intrinsic depth of the LMC plays no roley ocLE, depth effects are not important, and that the width of
in the observed scatter in ttfeL-relations towards the LMC. the P L-relation is intrinsic. The resulting fin& L-relations are
Weinberg & Nikolaev (2000) recently claimed the LMC tashown in Figs.6 and 7.
be geometrically thick along the line of sight with a thickness
of ~14 kpc. They used stars in a color selected region based405 SMC
2Mmass data and assumed these to be carbon-rich LPVs. They"
derive widths of the magnitude distribution functions of 2 This section is largely a repeat of the previous subsection but
0.7 mag, while they claim their standard candles to have for the SMC. U99a derived the zero point and slope offtie
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Table 2. P L-relations in the SMC of the form/ = a x log P + b

solution M a b o N  Remarks

1 W —3.310£0.020 16.387+0.016 0.125 463 U99a; FUog P > 0.4; 2.5 clipping

2 W —3.3004+0.021 16.381+0.016 0.126 446 This paper; Fldg P > 0.4; 2.50 clipping

3 W —3.286+0.024 16.366+0.018 0.145 464 This paper; Flbig P > 0.4; 40 clipping

4 W —3.539+0.058 16.520+0.014 0.142 743 This paper; Flbig P < 0.4; 4o clipping

5 W —3.5674+0.023 15.981+ 0.006 0.121 714 U99a; FQyg P > —0.2; 2.50 clipping

6 W —3.558 £0.025 15.9784+0.006 0.126 688 This paper; Fg P > —0.2; 2.5 clipping

7 W —3.2844+0.091 15.854+0.037 0.138 211 This paper; Fg P > 0.25; 3o clipping

8 W —3.57240.050 15.982+ 0.067 0.145 518 This paper; Fg P < 0.25; 3o clipping

9 W —3.3284+0.023 16.395+ 0.017 0.132 464 FUpg P > 0.4; 4o clipping; planar effect taken out
10 W —3.360£0.082 15.881+0.033 0.123 211 FQpg P > 0.25; 3o clipping; planar effect taken out

Declination (degrees)

Declination (degrees)
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Fig. 8. As Fig. 2 for the SMC, FU pulsators and= 0 andf = 58°. Fig. 9.As Fig. 8 fori = 68 and P.A. of the line of nodes éf= 238°.

relation inWW, for periods longer than about 2.5 days and fumelations for the LMC, and this is very likely due to the known
damental pulsators, and applying clipping at thesdeével (see depth effect of the SMC.
Table 2, solution 1). They used this cut-off in period as there is a To discuss the spatial structure of the SMC the FU pulsators
change of slope observed at shorter periods (Bauer et al. 1998¢. considered first in determiniigandi (solution 3). An ar-
Using the same criteria | derive almost identical results (solbitrary distance to the center of the SMC Bf = 63 kpc is
tion 2). A solution with clipping at thdo level is also included assumed, and the center is assumed to be given by the mean of
(solution 3). As mentioned by U99a, and explicitly confirmethe 464 Cepheids in the sample; = 13.529, 6o = —72.951
here (solution 4), the slope for the sample with P < 0.4 is degrees (J2000). Fig. 8 gives the relevant projectioi fer58
significantly steeper, confirming the result of Bauer et al. (199%nd: = 0 degrees.

Table 2 gives the results for FO pulsators as well, including It is clear that the SMC is inclined with the NE part closer
no cut-off in period (entry 5 as obtained by U99a, and solutida us. A fit with a position angle of the line-of-nodesfof= 238
6 obtained in this paper), and using a cut-off@é P = 0.25, (£ 7), andi = 68 (£ 2) degrees is shown in Fig. 9. The strong
for reasons explained before (solutions 7 and 8). The slope éarrelation in the bottom left panel is an artefact. In the transfor-
the shorter periods is significantly steeper, as for the FU puhation toy’ andz’, the dominant term is respectivelyz sin
sators. The slopes for the FO pulsators are nearly identicabtwd+z, cos i (see the Appendix in Weinberg & Nikolaev 2000).
the ones for the FU pulsators both above and below the cut-&&cause, as mentioned befotg,does not correspond to the
The dispersion in all relations is larger than the correspondipfysical distance from the plane, but is dominated by the in-
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16

trinsic scatter in theP L-relation,y’ and 2z’ will be strongly
correlated.

The analysis is repeated for the FO pulsators hpdP
>0.25 (solution 7), and the result is a P.A. of the line-of-nodésg. 12. As Fig. 11 for FO mode pulsators wilbg P > 0.25 in the
245+ 10°, andi = 68 £ 4°, consistent with the results for theSMC.

FU mode pulsators. Fig. 10 shows the result. The values for the,
inclination angle and the position angle of the line-of-nodes ares [~~~
in good agreement with the previous results for Cepheids quoted |
at the beginnning of this section, that were obtained using f@r I
fewer Cepheids but covering a larger area. g S

TheP L-relations are fitted taking away the depth effect, and
the results are listed in Table 2 (solutions 9&10), and plotted mn [
Figs. 11-12 for FU and FO pulsators. The dispersion is Iowerédo -
significantly but is still larger than that in theL-relation for I
the LMC Cepheids, indicating a substantial intrinsic depth of |
the SMC. S s P S S S B

The total depth effect, if the intrinsic scatter in tiaL-
relation were zero, over all stars in the direction of the SMC bar
is about 20 kpc (Fig. 13), with the depth along any given lingsig. 13.1f the intrinsic spread of th& L-relation were zero, this would
of-sight towards the bar being about 16 kpc (see Fig. 8 lowes the distribution of stars along the line-of-sight towards the SMC.
left panel). These values are in fact upper limits because of fPasitivez are towards the observer. As the intrinsic spread is about
intrinsic scatter in thePL-relation. Previously it was shown0.11 mag, the horizontal scale should be compressed in such a way
that the intrinsic depth of the LMC is negligible and that théat the 10 kpc tick corresponds to 7 kpc.
scatter in the LMCP L-relation is intrinsic. If it is assumed that
the intrinsic scatter in the SM@ L-relation is the same, this
would imply that the intrinsic depth of the SMC translates |nto
a dispersion of abouy0.1322 — 0.0722 = 0.11 mag meaning In this section infrared L-relations in the SMC and LMC will
that the above numbers should be multiplied by 0.7 to get the determined, based on theLE Cepheids that have a coun-
true depth effect. The estimates for the depth of the SMC dezpart in the2mAss survey.
consistent with those based on independent analysis, as quoted he observed H K magnitudes are first corrected for red-
in Westerlund (1997, his Sect. 12.2.1). dening. TheE (B — V) of the respectiveoGLE field is used

0 0.5 1 1.5
Log P

7 (kpc)

5. Infrared P L-relations
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Fig. 14. Final P L-relation in K for FU mode pulsators in the LMC Fig. 16. As Fig. 14: FinalP L-relation in.J for FU mode pulsators in
when the depth effect has been taken out. The drawn line is the besttiig. LMC.
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Fig. 15.As Fig. 14: FinalP L-relation in H for FU mode pulsators in Fig. 17.As Fig. 14: FinalP’ L-relation in K for FO mode pulsators in
the LMC. the LMC.

Table 3. Derived values for the inclination and position angle of the
(U99b,c), a selective reddeninty,/E(B — V) of 3.1 is used, line-of-nodes
and the extinction curve of Cardelli et al. (1989). In partic
ular, A; = 0.90E(B — V), Ay = 0.59E(B — V) and Galaxy i 4
Ax = 0.36E(B — V) are used. Second, ti#&iass magni- LMC 18£3° 296 +1°
tudes are transformed to the Carter system using the aver8lfe 68 £2° 238+ 7°
formulae derived in Sect. 3 (that i& (Carter)— K(2Mass) =
+0.02,H (Carter)— H(2Mass) =0.02, J(Carter)— J(2Mass)
=+0.05). Third, the planar effect is taken out using the adoptéar FU pulsators in respectively, H, K [Gieren et al. 1998,
values in Table 3 based on the results obtained from the Ebing 59 Cepheids in the LMC]), but this is due to the fact that
pulsators. single-epoch infrared photometry is used here, while the data
One issue thatis important here is Malmquist bias. For shéimat Gieren et al. use is based on intensity-mean magnitudes.
periods only the on average brighter Cepheids have been Heak-to-peak amplitudes depend on period and wavelength but
tected by2mAss because the magnitudes are near the detectizam be 0.2-0.6 mag in the infrared (Laney & Stobie 1986b). The
limit of 2mAss. Not taking this effect into account would leadfact that the sample studied here is an order of magnitude larger
to a derived slope of th& L-relation which is too shallow (seethan previously studied still allows for very accurate determi-
Lanoix et al. 1999b). The nominal completeness limits .Are nations of the slope and zero point of the infraféb-relations.
=15.8,H = 15.1 andK = 14.3 mag but at higher galactic lat- Some tests were made to check the influence of the adopted
itude the2mass catalog contains accurate detections 0.5-1r8ddening. Decreasing (B — V) in steps of 0.01 mag will
mag fainter than this (Cutri et al. 2000). make the respective zero points Jjif{ K fainter in steps of
Table 4 contains the deriveltL-relations in the different respectively 0.009, 0.006 and 0.004 mag. For reference, based
bands, on the Carter system, and with the planar effect taken et the solutions in thé/-band, the average(B — V') is 0.148
Different cut-offs inlog P were tested to ensure that the slopdsr the FU pulsators, and 0.156 for the FO pulsators in the LMC
are unbiased. Th& L-relations are displayed in Figs. 14-25(averaged over all periods), and respectively 0.091 and 0.092 for
The dispersions are generally slightly larger than quoted in ttree FU (forlog P > 0.4) and FO (forlog P > 0.3) pulsators in
literature (for example, 0.16, 0.12, 0.12 mag in the-relation the SMC.
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Fig. 18.As Fig. 14: FinalP L-relation in H for FO mode pulsators in Fig. 20.As Fig. 14: FinalP L-relation in K for FU mode pulsators in
the LMC. the SMC.
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Fig. 19.As Fig. 14: FinalPL-relation in.J for FO mode pulsators in Fig. 21.As Fig. 14: FinalPL-relation in H for FU mode pulsators in
the LMC. the SMC.

slope of theP L-relation for the SMC FO pulsators is relatively

There is some evidence that the selective reddening towa(éj@e_
the LMC is lower than the adopted value of 3.1 (Misselt et The second thing to remark is that for the FU pulsators the
al. (1999) derive values foR towards LMC stars that rangegjope for theP L-relation of the LMC and SMC Cepheids agree
between 2.16+ 0.30 and 3.3k 0.20, with un unweighted yithin 15 in WK. In JH the slope of the®L-relation for the
mean of 2.55). Chosingt = 2.6 would make the respective| \ic pulsators is steeper than that for the SMC pulsators at
zero points in/ HK fainter by respectively 0.037, 0.021 andypqyt the 1.7-2.2 level. For the FO pulsators the slope of the
0.005 mag in the LMC, and fainter by respectively 0.008, 0.048 _rg|ation for the LMC Cepheids is steeper than that of the
and 0.006 mag in the SMC. SMC Cepheids in all 4 bands but the difference isslils H K
and less iV J.

Table 5 collects slopes quoted in the literature both from
observations and theoretical models, and the final values de-
6.1. The slopes of thB L —relations rived in the present paper. Regarding the Wesenheit-index, the

. . . - only previous determination was by Tanvir (1999), who used a
One of the main r_eSU'FS of this paper 'S _the derivation Qf tr?fﬁ'ferent definition for this index and so can not be compared
slopes ofPL-relation in the Wesenheit-index#(), and in directly to the present result. The results by U99a are essentially

JH K, for both FU and FO pulsators. In this section the slop%sc‘r@ed on the same sample considered here and hence are very
I

are intercompared, compared to previous determinations, ke to the present results

o p{_id'?o??hqf th;eoretlcalkmodtthelst. in the LMC the sl ¢ Regarding the IR relations, the slopes derived in the present

h PLe Ilrst' m?tho rISLTardIEO a Imt € di € St(:ﬁef ork are the most accurate available for the moment. The slopes
e L-reiation ol the an pu'sators disagree at iné L. gree with in the errors with all previous determinations. The

2.9 Ievel.. For all 4 bands the slope of tid -relation of the FO reviously most accurate slopes were by Gieren et al. (ﬂ998)
pulsatorsis steeper than that of the FU pulsators. In the SMC, €0 here the agreement is excellent. The reliability of the re-
slope of theP L-relation of the FO pulsators is steeper than that

of the FU pulsators if’.J H, butin all 4 bands the difference is “ | have calculated the error in the slope using the data they kindly
less than &, largely influenced by the fact that the error in therovided (their Table 9), and made a division on period as the sample

6. Discussion
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Table 4.Infrared P L-relations of the form\/ = a x log P + b

soluton M a b o N Remarks

1 Ko —3.246+0.036 16.032+0.025 0.168 472 LMC; FUlpog P > 0.4; 3o clipping
2 Ho —3.236+0.033 16.0484+0.023 0.161 493 LMC; FU; albg P; 30 clipping

3 Jo —3.144+£0.035 16.356+0.025 0.173 490 LMC; FU; albg P; 3o clipping

4 Ko —3.381+0.076 15.533+0.032 0.137 238 LMC; FQpg P > 0.25; 3o clipping
5 Hy —3.43440.060 15.550+0.024 0.126 263 LMC; FO; albg P; 3o clipping

6 Jo  —3.299+0.066 15.8174+0.027 0.140 267 LMC; FO; albg P; 30 clipping

7 Ko —3.212+£0.033 16.4944+0.026 0.194 418 SMC; FUpg P > 0.4; 3o clipping
8 Hy —3.1604+0.032 16.475+0.025 0.182 414 SMC; FUpg P > 0.4; 3o clipping
9 Jo —3.037+£0.034 16.7714+0.027 0.199 418 SMC; FUpg P > 0.4; 30 clipping
10 Ko —3.1024+0.155 15.9374+0.068 0.178 156 SMC; FQog P > 0.3; 3o clipping
11 Ho —3.19940.142 15.990+0.062 0.162 162 SMC; FQog P > 0.3; 3o clipping
12 Jo —3.104+0.159 16.292+0.070 0.183 158 SMC; FQ¢g P > 0.3; 30 clipping

10

0 0.5 1 15
Log P Log P

Fig. 22. As Fig. 14: FinalP L-relation inJ for FU mode pulsators in Fig. 24.As Fig. 14: FinalP L-relation in H for FO mode pulsators in

the SMC. the SMC.
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Fig. 23.As Fig. 14: FinalP L-relation in K for FO mode pulsators in Fig. 25.As Fig. 14: FinalP L-relation in.J for FO mode pulsators in
the SMC. the SMC.

sult is enhanced if one considers that the Gieren et al. samig¥ compared to the observations at the@{dvel. In J the

contains mainly long-period Cepheids while theLE sample models by Alibert et al. (1999) are clearly too steepAirthe

is dominated by short-period Cepheids. agreement with the Bono et al. (1999) models is within the er-
The agreement with theoretically predicted slopes is 16€¥S; but the Alibert et al. (1999) models predict slopes that are

satisfactory. For the Wesenheit-index the predicted slopes!8§ Steep.

Bono & Marconi (2000, private communicataion) are too shal- BOno etal. (1999) are the only ones to predict the slopes for
FO-pulsators (averaged ov&r= 0.02, 0.008 and 0.004). Their

they consider almost exclusively contains Cepheids with long periogégediction is in good agreement with the observed slope in the
unlike theoGLE sample. LMC and within 2r of the observed slope in the SMC.
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Table 5. Slopes of theP L-relations.

Slope Colour System  Reference

Emperical results, FU pulsators

—3.337 £0.013 Wesenheit LMC this work

—3.411+£0.036  Wesenheit LMC Tanvir (1999); foW = I — 1.45 (V —I)
—3.300 £0.011 Wesenheit LMC Udalski et al. (1999a)

—3.328 £0.023 Wesenheit SMC this work

—3.310£0.020 Wesenheit SMC Udalski et al. (1999a)

—3.144 £ 0.035 J LMC this work

—3.129 £ 0.052 J LMC Gieren et al. (1998)

—3.147 £ 0.065 J LMC this work; 54 stars witlog P > 0.833 from Gieren et al. (1998)
—2.99 +0.59 J LMC this work; 5 stars withiog P < 0.833 from Gieren et al. (1998)
—-3.31+£0.10 J LMC Madore & Freedman (1991)

—-3.31+0.12 J LMC Laney & Stobie (1986a; their solution 1b)

—3.037 £0.034 J SMC this work

—-3.22+£0.17 J SMC Laney & Stobie (1986a; their solution 10b)

—3.236 £0.033 H LMC this work

—3.249 £+ 0.044 H LMC Gieren et al. (1998)

—3.246 £ 0.056 H LMC this work; 54 stars withog P > 0.833 from Gieren et al. (1998)
—3.49+0.26 H LMC this work; 5 stars witHog P < 0.833 from Gieren et al. (1998)
—3.72 £0.07 H LMC Caldwell & Laney (1991)

—3.40+0.10 H LMC Laney & Stobie (1986a; their solution 2b)

—3.37+0.10 H LMC Madore & Freedman (1991)

—3.160 £ 0.032 H SMC this work

—3.25+£0.07 H SMC Caldwell & Laney (1991)

—-3.36 +£0.15 H SMC Laney & Stobie (1986a; their solution 11b)

—3.246 £ 0.036 K LMC this work

—3.267 £0.041 K LMC Gieren et al. (1998)

—3.304 £+ 0.052 K LMC GOO0O [54 stars witHog P > 0.833 from Gieren et al. (1998)]
—-3.37+£0.39 K LMC GOOO0 [ 5 stars witHog P < 0.833 from Gieren et al. (1998)]
—3.42+£0.09 K LMC Madore & Freedman (1991)

—3.41+0.10 K LMC Laney & Stobie (1986a; their solution 3b)

—3.212 £0.033 K SMC this work

—-3.38+£0.15 K SMC Laney & Stobie (1986a; their solution 12b)

Theoretical results, FU pulsators

—3.02+£0.04 Wesenheit  0.02 Bono & Marconi (2000, private communication)
—3.17 £ 0.04 Wesenheit  0.008 Bono & Marconi (2000, private communication)
—-3.21+0.05 Wesenheit  0.004 Bono & Marconi (2000, private communication)

—3.286 J 0.01 Alibert et al. (1999)
—3.262 J 0.004 Alibert et al. (1999)
—3.19 £ 0.09 K 0.008 Bono et al. (1999)
—3.395 K 0.01 Alibert et al. (1999)
—3.27+0.09 K 0.004 Bono et al. (1999)
—3.369 K 0.004 Alibert et al. (1999)
Emperical and theoretical results, FO pulsators
—3.381 £0.076 K LMC this work, FO-pulsators
—3.102 £0.155 K SMC this work, FO-pulsators
—3.44+0.05 K all Zz Bono et al. (1999), FO-pulsators

Clearly, the present results can be used as tight constraive P L-relations in SMC and LMC are not exactly the same, the
for theoretical modelling as for the first time accurate slopes@bsolute magnitudes are calculatedlégr P = 0.5 when using
the infrared for both FU and FO pulsators are presented.  FU pulsators, antbg P = 0.3 for FO pulsators for each Cloud
and then subtracted, using tid.-relations where the distance
effect has been taken out. The results are listed in Table 6. The
errors are based on the errors in the slope and zero point. It
These results allow a determination of the relative distance SN€ems that the difference in distance modulus is somewhat less
to LMC, based on the variou3L-relations. Since the slopes ofusing the IRP L-relations than from the Wesenheit-index. A

6.2. The relative distance SMC-LMC
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Table 6. The relative distance modulus SMC-LMC
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Table 8. Values for the zero point for Galactie L-relations

A Remarks Colour N Zero point  Assumed Total Remarks
0.51+ 0.03 U99c; W; FU Slope  Weight

0.510+ 0.023 present work; W; FU w 191 -—2.7214+0.104 —3.337 52955 Allstars
0.522+ 0.042 present work; W; FO W 191 —2.728+0.104 —3.328 5331.0 Allstars
0.479+ 0.044 present work; K; FU K 63 —2.627+0.169 —3.246 1855.5 All stars
0.488+ 0.091 present work; K; FO K 63 —2.655+0.169 —3.212 1905.7 Allstars
0.465+ 0.041 present work; H; FU

0.511+ 0.081 present work; H; FO

0.4694+ 0.044 present work; J; FU of 0.028 forW and 0.011 inK should be added in quadra-
0.5344 0.092 present work; J; FO ture to the quoted errors, and the zero points should also be
0.47540.022 mean of the 6 IR determinations corrected for Malmquist-bias (+0.01 mag) as derived in GO00
0.504+ 0.015 mean of all 8 determinations from theoretical calculations and numerical simulations. The

final zero points for the 4 values listed in Table 8 become re-
Table 7. Metallicity dependence of the absolute magnitude betwe&pectively—2.711 + 0.108, —2.718 £ 0.108, —2.517 £ 0.169
LMC and SMC,AM = M(LMC) —M(SMC) atlog P = 0.5 for FU and—2.545 + 0.169.
pulsators. These zero points can now be combined with the zero points
of the LMC and SMCP L-relations to yields distances of 18.60

AMwy AM; AMyk Reference + 0.11 (¥) and 18.55+ 0.17 (K) for the LMC, and 19.11
+0.030 —  40.020 Bono et al. (1999) 4+ 0.11 (¥) and 19.04+ 0.17 (K) for the SMC. The distance
- —0.093 —0.091 Alibert etal. (1999) to the LMC based on the Wesenheit index is identical to the

value derived in GO0O, which was based on the results of Tan-
vir (1999) for the Wesenheit index for a much smaller sample
mean using all available 8 determinations yieldsuc—Lvc = of LMC Cepheids. To these distances, systematic uncertainties
0.50 + 0.02 mag. This is in good agreement with the originahyst be considered due to the fact that the slope of the galac-
determination in U99c based primarily on the Wesenheit indgg p[.-relation may not be the same as in the MCs and the
for the FU pulsators, and the 0.300.03 determined by Cioni yncertain metallicity effect. In GOOO these unceratinties were
etal. (2000b) as the average of the differencé#’ andmuo  estimated to bé-+0.08 slope)(T9:98 metallicity) in 1, and
of the TRGB (Tip of the Red Giant Branch) magnitudes based.(.03 slope) (£0.06 metallicity) in K.
onDENIS data for the two Clouds. | do not want to enter here into a discussion about the
All this assumes no explicit metallicity correction. As re<jong” and “short” distance scale to the LMC (see Gibson 1999
capitulated in GOOO there is no agreement between theory gh€lan overview). The latest “short” distance modulus to the
empirical evidence, and amongst different theoretical model$yC based on the Red Clump method stands at 18:2707
about the extent of a metallicity dependence offtlerelation, (Popowski 2000) or 18.24 0.08 (Udalski 2000). That to the
ifany. Inthe infrared and Wesenheit-index there are no empirigaliC at 18.77+ 0.08 (Popowski 2000). The distance to the
estimates for the meta”lClty dependence. Table 7 Summari:EEMC and SMC derived here are “|Ong” and in excellent agree-
the predictions oA M = M(LMC) —M(SMC) inW, J, K for  ment with those derived recently by Cioni et al. (2000b) using
2 sets of recent modelslag P = 0.5. Again the disagreementthe TRGB-method fronpEeNIs data of respectively 18.55%
is obvious and at a level of upto 0.1 mag which is not negligible.04 (formal)+ 0.08 (systematic) and 18.990.03 (formal)+
0.08 (systematic), and with the distance to the SMC of 19:05
0.017 (standard erroty 0.043 (systematic error) using FU/FO
and FO/SO (Second Overtone) double-mode Cepheidsigéov
GOO00 discuss in detail the sample of Galactic Cepheids wit000) and 19.1% 0.08 using pure SO and FO/SO double-mode
HIPPARCOS parallaxes and the methods and relations useddepheids (Bono et al. 2000).
compute the zero point of the Galacfitd.-relation. Since the
slopes il and K differ from those used in GO0O, new Zerob\cknowlec_igementsThis publication mgkeg use ofgata products_ from
points calculations are necessary. They are summarised inﬂi_ng_Two Micron All Sky Survey, which is a joint project of the Univer-

ble 8. and have the same format as in GOQO. It was remarl?ét of Massachusetts and the Infrared Processing and Analysis Cen-

. . ter/California Institute of Technology, funded by the National Aeronau-
in GOOO, and repeated here, that the zero point of bOtrVthetics and Space Administration and the National Science Foundation.

and/ ]_DL'rEIat'OnS for the sample of the 63 stars with lnfrared_ Itis a pleasure to thanks Re®udmaijer and Maurizio Salaris for
data differs by 0.10 mag from those using the full samples. Undil\ments on earlier versions of this paper, and Giuseppe Bono and
infrared date for more CepheidsinpPArRcos becomes avail- Marcella Marconi for calculating thé L-relation in the Wesenheit-
able to better constrain this zero point, it seems prudent to addex. Pascal Fouduis thanked for providing tabular material in Gieren
0.10 mag to the zero points i as listed in Table 8. et al. (1998) in electronic format.

As discussed in GO00, when taking into account the er- This research has made use of the SIMBAD database, operated at
rors in reddening, period-colour relations, etc., an error tef@PS, Strasbourg, France.

7. The zero point of the GalacticP L-relation
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(I-J) (DENIS) (I-J) (DENIS) error in thez- andy-axis is made.
Appendix The observed J K magnitudes are first corrected for red-

: . Lo dening. TheE(B — V) of the respectiv®cLE field is used
Inthis Appendix a comparison is presented betweepihas I (U99D,c), a selective reddeninty /E(B — V) of 3.1 is used
andoGLE I andpENis JK and2Mmass J K for the respectively and th,e ’extinction curve of Cardelli et al (19.89) n p,ar-
173 and 141 LMC and SMC Cepheids in common. This hasgé lar, 4y = 1.8TE(B — V), Ay — 0 90E.(B B V.) and
limitations since the comparison is done using variable stars. fP: ’0.316E(B;V) are used.’Si;ce the.effective wavelengths

it may still be of interest to other workers, as such acomparisg he pENTS andoaLe I and thepens and 2vass J K are
has not been done yet. The variability would increase the spreacrsy similar, no distinction between the respective filtersets is

: : v
;E:;ngcigtrrelatlon but should not wash out any colour terms’r{fade. At the present level of accuracy this effect of differen-
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Table A.1. Comparing photometric systems. Fits of the fayra=a x  + b

Y a x b o N

Ko(2Mass)Ko(Denis) —0.6240.17  ( Jo (2Mass) 0.48 +£0.07 0.24 141
Ko(2Mass)Ko(Denis) —0.444+0.17 ( Jo (2Mass) 0.35+0.08 0.20 97
Jo(2Mass):Jy(Denis) 0.03+0.12 ( Jo (2Mass) 0.09+0.05 0.17 141
Jo(2Mass)Jp(Denis) 0.15+0.15 ( )o (2Mass) 0.03+0.07 0.18 110
( 0
(

- K
- K
- K
- K

Io(OGLE)-Ip(Denis) ~ —0.11+0.15 (DENIS) 0.14+0.09 0.33 173

_ J)
Io(OGLE)-Io(Denis) 0.10 £ 0.23 — J)o (DENIS) 0.03+0.14 032 119

tial reddening between the slightly different filters should b&ioni M.-R., van der Marel R.P., Loup C., Habing H.J., 2000a, A&A
entirely negligible. 359, 601

Fig. A1 shows the differences betwezmass andpenis J,  Cioni M.-R., Loup C., Habing H.J., et al., 2000b, A&AS 144, 235
andK, plotted versugmass (J — K)o, andoGLE andDENIS Cutri R.M., Skrutskie M.F., Van Dyk S., et al., 2000, Explanatory Sup-
I, and plotted versusenis (I — J)o. In the left panel, all stars plement to the 2MASS Second Incremental Data Release

are plotted, in the right panel a sub-sample is plotted usind S J-H- Frogel J.A., Matthews K., Neugebauer G., 1982, AJ 87,

. . . 1029
criterium on the total error. Linear least-square fits were maESchtein N. Deul E. Derriere S. et al. 1999. ARA 349. 236

and the results are listed in Table Al. Feast M.W., Catchpole R.M., 1097, MNRAS 286, L1
From this data, there is no evidence for a colour-term {gieren w.p., FouqiP., Gmez M., 1998, ApJ 496, 17

I'andJ and the difference betweemsLE andDENIS Iy, and  Gibson B., 1999, astro-ph/9910574v2

2MAsS andDENIS Jy is less than 0.10 magnitude. Ki there  Groenewegen M.A.T, 1999, A&AS 139, 245

seems to be a color term at the [&vel when all stars are used,Groenewegen M.A.T, Oudmaijer R.D., 2000, A&A 356, 849 (GO00)
which still is present at thea2level when a subsample of starKovacs G., 2000, A&A 360, L1

with the smaller photometric errors is being used. The avéney C.D., Stobie R.S., 1986a, MNRAS 222, 449

age differenceky(2Mass)— Ko(Denis) is +0.20 magnitudes,-aney C.D., Stobie R.S., 1986b, SAAOC 10, 51

which is comparable to the observed scatter, which is an upF@Pey C.D., Stobie R.S., 1992, AZAS 93, 93

- L - _ .L.aney C.D., Stobie R.S., 1994, MNRAS 266, 441
Icl:r:rlrg;c"drtgg intrinsic scatter as two single-epoch data are bei Qnoix P., Paturel G., Garnier R., 1999a, MNRAS 308, 969

L. Lanoix P., Paturel G., Garnier R., 1999b, ApJ 517, 188
The conclusion is drawn from the present dataset that thgfe e B Freedman W.L.. 1991 PASP 103. 933

is no evidence for colour terms when comparingLE and  \ccall M.L., 1993, ApJ 417, L75

DENIS [y, and2MAss andDENIS Jp, and that any difference wisselt K.A., Clayton G.C., Gordon K.D., 1999, ApJ 515, 128
between the systems is less than 0.10 magnitude. Regardin@laev S., Weinberg M.D., 2000, astro-ph/0003012

2MASSs and DENIS K, there is evidence for a colour termPanagiaN., 2000, In: Chu Y.-H., Suntzeff N.B., Hesser J.E., Bohlender
which amounts to a differenc&(2Mass) — Ky(Denis) = D.A. (eds.) IAU Symposium 190: New vieuws of the Magellanic

+0.20 magnitudes for a typical colour of — K)q = 0.4. Clouds. ASP, p. 549
Popowski P., 2000, ApJ 528, L9

Persson S.E., Murphy D.C., Krzeminski W., Roth M., Rieke M.J., 1998,
AJ 116, 2475
Tanvir N.R., 1999, In: Egret D., Heck A. (eds.) Harmonizing Distance

Alibert Y., Baraffe 1., Hauschildt P., Allard F., 1999, A&A 344, 551 scales in a post-Hipparcos Era. ASP Conf. Ser. 167, p. 84
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