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ABSTRACT

We present color-magnitude diagrams and luminosity functions for stars in
the nearby dwarf galaxy Sextans A, based on VI photometry obtained with the
COSMIC CCD prime {focus camera on the Palomar Hm telescope. We discuss
the previous disagreement in the literature over the zervo-point {for photometry
in Sextans A. The new dala presented here shed Light on the reasons for these
differences and also finally resolve the issue.

The discontinuily of the /-band red giant branch luminosity function has
been measured al 7 = 21.73 4 0.09 mag. Tdentifying this feature with the tip
of the first- ascent red giant branch at M; = - 4.01 mag, gives an independent
(Population 11} distance modulus estimate of 25.74 1 0.13 mag (1.42 Mpc)
to this galaxy. These data are also used to derive PL relations from the six
previously known Cepheids with periods ranging from 10 to 25 days, from which
a reddening- corrected true (Population 1) distance modulus of 25.85 + 0.15
mag 1s derived, corresponding to a lincar distance of 1.48 Mpc. The agreement
of these two independent distance determinations is extremely encouraging, and
together with sinnlar mcasurements for other nearby galaxics, indicates that the
zero points of the Cepheid and TRGB distance scales agree at the 0.1 mag level.
Furthermore, it suggests that the TRGB method is of comparable accuracy to

the Cepheids.

Subjecl headings: palaxies: individual - galaxies: dwarf galaxies - galaxies: distances




1. Introduct ion

‘1’0 date, the most reliable primary indicator for galaxies is the Cepheid period-
luini nosity (PL) relation. Hence, the Cepheid Pl relation currently forms the basis for
the calibration of a wide range of secondary distance indicators, applicable al greater
distances than the Cepheids themselves. Given the critical role of the Cepheid distance
scale, it, is thereforeimportant to measure the distances to nearby galaxies using completely
imdependent tech niques both to determine the external error of the Cepheid distance scale,
as well as to scarclifor potential systematic errors. Moreover, Cepheid observations arce
restricted to Population 1 stars, found exclusively in late type palaxies. An excellent
alternative is to employ the tip of the red giant bra nch (T'RGB) method. An attractive
feature of this method is that it is applicable to all morphological types of galaxies as long

as met al poor red giant Pop 11 stars are prese nt.

The first- ascent red- giant branch marks the core helium flash of low-mass stars. The
low mass stars evolve along the red- giant phase up to the TRGB, forming a discontinuity
in the luminosity function. Theoretically there is a strong basis for expecting such stars
to be good distance indicators: the bolometric luminosity at the core helium flash for
low- mass stars of the same metallicily varies by only ~0.1mag for an age range of 21015

Gyr (for ¢ xample, see Iben and Renzini 1983; Figure 7).

InPaper 1 of this series, Lecetf a. (1 993) devised a quantitative method of detecting
the TRGB based using /- band data and employing an edge detection filter. 1) 1ey applied
thismethodto several lLocal Group galaxies, demornistrat ing the robustness of the I-band
TRCIB method as a distance indicator for ncarby resolved galaxies. This method currently
applies over a range of metallict ties from 2.2 < [I"¢/H] < -0.7 dex In Paper 11> Madore
& Freedman (1 199[)) undaertook a number of computer simulations and concluded that the

TR GB method can be used to derive distances, with a precision comparable to the Cepheid




distances for galaxies out to at least 3 Mpc using ground- based tclesc.opts. Inthis paper,
we apply the TRGB uethod to Sextans A and compare the derived distance with that

measured from multi - wavelength Cepheid observations.

Sextans A is a dwarf irregular galaxy, believed to be located near the edge of the Local
Group. It has an unusual overall shape, appcaring square ina sky projection, bothin the
optical and possibly inll(ec.g. Huchtmeier et al. 1981). Although it is one of the brightest
irregular galaxies inthelLocal Group, there has been no agreement on the distance to
Sextans A mainly due to inconsistent photometric data between previous studies. Using a
photographic survey, Sandage & Carlson (1 982: hercafter SC82) discovered five Cepheids
m this dwarf galaxy and measured a distance modulus of 25.8 1miag, corresponding to a
distance of 1.45 Mpc. Hoessel, Schommer & Danielson (1 983: hercafter 1183) obtained
CCD observations of Sextans A; they used the original Gunn (G R filters which were
transformed to the standard Johnson systeni. This study revealed a zero point diflerence
of as much as 0.2 mag between SC82 and 1183. Sandage & Carlson (1 985: hercafter SC85)
later recalibrated their own photometry and found a distance modulus of Sextans A at 26.2
mag, corresponding to alonger distance of 1.74 Mpc. Walker (1 987; hereafter W87) then
did a careful analysis of 1183 and SC85 photometry by comparing the SC85 data with new
observations obtained with a CCD using standard Johnson filters. He found that the SC85
I3 magnitudes were still faint by 0.16 mag. Recently, Piotto, Capaccioli & Pellegrini (1994;
hereaflter P94) studied the Cepheidsin Sextans A andin addition, discovered five additional
Cepheid candidates. They obtained the extinction: corrected true distance modulus of 25.71
4 0.20 which agrees with the original SC82 study. I summary, the distance to Sextans A

is st illbeing debated.

11 the next section; we discuss the observations made for the analysis presented in this

paper. This is followed by Section 3 in which we compare our photometry with previously




published datascets on Sextans A, The distance to Sextans A estimated from both Cepheid
observations and from the TRGHB is discussed in Sections 4 and b respectively. In Chapter
9, we present a modified quantitative method for determining the position of the TRGI,

without employing histograms. We conclude with a discussion and summary.

2. Observations

We observed Scxtans A using the Sinllale Telescope at Palomar Observatory 011 April
1, 1995. Usi ng the prime focus COSMIC camera with 20482 CCD, covering 9.7 arcmin
on a side, we obtained V and] exposures of 300 and 600 scconds, respectively, under
photometric conditions. The data were debiased and flatficlded using standard reduction

met hods.

Stellar photometry was obtained using the point- spread function fitting packages
DAOPHOT and ALLSTAR (Stetson 1987). These packages use automalic star finding
algorithms and then fit a point spread function as determined from bright, isolated stars in

the same field.

In addition to the Palomar data, we analyzed I3 and V' data for a smaller region
of Sextans A, oblai ned at the Canada I'rance- Hawait 3.61m Telescope in January 1984.
D AOPHOT and ALLSTAR were again used for the photometry reduction. Vo magnitudes

were calibrated by ticing in the photometry of isolated bright stars to the Palomar data.

13 data were calibrated using stars identified in the bright st ar list in SC82; thicy were

then transformed to the W87’s system as described below.

3. Comparison with Previous Studies
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The resolved stellar populations of Sextans A have been the subject of several studies
m the past decade or so. However, as mientioned in the Introduction, the stellar photometry
zero point and thus the distance to Sextaus A largely remain uncertain. The first published
study was based on BV photographic plates taken at Las Campanas and at Palomar by
SC82. HE3 then used the original Guun-"Thuan GRI filkers, which were mapped to Johnson

BV I magntudes using transformation equations given by Hoessel & Melnick (1980).

Liven after SC85 recalibrated their data for Sextans A an offsel in zero point of ~0.2
mag remained outstanding between the two datasets. W87 contributed bright- star CCD
photometry in an effort to reconcile the ensuing debate over lincarity and color corrections
between the SC82 and 183 studies. He found that for 34 common stars with 13-V < 0.9,
I3 magnitudes given in SC8H are 0.16 mag, fainter. He also found that his magnitudes
agreed very well with those of H83 for blue stars; however for red stars, 1183 I3 magnitudes

arc fainter by about 0.1 mag.

Finally, Aparicio ¢ al. (1987; hercafter A87) presented U3V CCD pholometry of
2279 stars in Sextans A, providing a third intercomparison of datasets. The comparison
between SC85 and A87 shows a discrepancy of about 1.55 mag in I3 and 1.45 in V, the
former being fainter; the comparison between 183 and A87 gives a zero point difference of
~0.13 and 0.16 mag in I3 and V respectively, which A87 describe as being due to inaccurate
photometry transformation from Gunn to Johnson systems in 1183, P94 recently published
the observations of Cepheid variables in BV R1: the comparison of their photometry with

others show a very good agreement with W87’s data.

The challenge here is to reconcile these different studies and bring the various Cepheid

observations onto a common magnitude scale for distance determination purposes

In this section, we compare our Vomagnitudes for the brightest stars listed in SC82

with four previously: published studies mentioned above: SC82) TI83, W87 and AS8T.



Unfortunately, there is no comparison with the P94 datasct since the magnitudes were not
tabulated in thewr paper. From here on, we will refer to the data presented in this paper
as SMI.In Table 1, we give the Palomar CO SMIC VI photometry for bright stars from
SC82’s list. The comparison results are sunmmarized in IFigure 1 and Table 2. 1n IYigure 1,
the differer ices between the magnitudes from other datasets and from SMI are plotted as
a function of SMI" magnitude. Positive 8V corresporids to SM1° being fainter. A solid hine
in cach plot is the zero offset line; for the SC82 comparison, this line is drawn at 6V = 0.3
mag. A dashedlinerepresentsthe least-squams fit for cach comparison. As can be seenin
Table 2, the photometr y presented in this paper agrees very well with that of W87 and 1183;
the zero point differences between these datasets are less than ().1 mag. In Table 2, the zero
point ofl’selis calculated with respect to the dataset listed inthe column. We note that
in Table 3 of 1183, they identify their star /633 as the SC82 bright star #/13. We believe
that the star /630 1s @ more likely candidate, with a magnitude that matches that of SC82
better. Also in 1183, the magnitude of tile bright star /59 is significantly different from

that presented in all of the other studies; this star is not plotted in IFigure 1.

We have also made comparisons of I3 magnitudes from SC82, A87 and W87. Our
photometry is essentially on the same scale as W87’s. In Figure 2, we snow the difference
between A87 and SC82, and between W87 and SC82 as a function of SC82 magnitude.
We note that the zero point diflerence between W87 and SC82 primarily comes from its
dependence on color. Figure 3 shows the diflerence between W87 and SC82 I3 magnitudes
as a function of SC82 I3 V color. Although the dispersion is large, bluer stars of
13- \/7 - - 0.3 have a systematically larger zero point offset with respect to redder oncs.
The solid line represents a least squares fit Lo the color dependence relation; we adopt this
fit. tater on when combining all the data for the distance deter mination using the Cepheid

variables.




4. Luminos ty Function and Color-Magnitude Diagram

InFigure 4, the I-band luminosity function for Sextans A is shrown. The open histogram
includes all the stars found in Sextans A while the solid histogram only includes those
stars with phiotometry errors less than 0.25 mag. The color magnitude diagram for all the
stars matched inV and 7 is shown in Figure 5. We detect a prominent blue plume which
is indicative of a recent star formation. In the red supergiant branch, there is a rather
nolticcable clumpatV - I ~ 1.4 and/~ 1 {).75. This group of stars is nol associated with

any particular location in or around the galaxy; they are spread oul throughout the field.

In general, photometric errors are very roughly correlated with the stelar magnitude:
that is, for fainter stars, the errors are larger. 1 na color-magnitude diagram, error bars can
be plotted to indicate the uncertainty at a given magnitude level. However, one problem
with such Hlots is that your eyes are attracted to thie region with larger error bars, that is,
to the data thatl are statistically less significant. Here, we present plots which in a sense are
acombination of grey - scale presentation and smoothing. Plots of this nature have been
published previously for the galaxy M81 by Madore ¢f al. ( 1993). I'or cach magnitude in
the CMD, ]1() points are randomly generated following a Gaussian distribution of variance
that cquals error in color in x- axis direction and magnitude errorin y. This means that for
magnitudes with large photometric errors, 10 random points are distributed over alarger
region, making them less prominent. Applying this technique to all of the stars in our
CMD, we obtain a ‘smoothed’ diagram shown in Iigure 6. In comparison to IFigure 5, the
red giant branch at the faint end appears more smeared. But most significantly, the blue

and red supergiant branches become much nore prominent.

5 The Cepheid Distance




In their photographic survey, SC82 discovered five Cepheids whose periods ranged
from 1,() upto 2d days. Later, P94 announced the discovery of five more Cepheids in
Sextans A three of them have very short periods of around 3o 4 days. Inour Palomar
V and I data, we recover all five of the SC82 Cepheids and the brighter three of the 194
Cepheid candidates. Four of the SC82 Cepheids were identified in the CFIFT data as well.
Furthermore, we identified these Cepheids in the tables of previously published photometry
in A87, 83 and W87. Ai 1 ofiset of - 0.7 mag was applicd to the 1183 [ magnitudes. In
Table 3, all the newly compiled BVI data for Cepheids inSextans A are listed. The 1' 94
Cepheid magnitudes have been previously tabulated and are not included. The Cepheid
data arce plotted in Iigure 7. Thiese figures represent random- phase Pl relations; no phase

correc {ions or averaging was applied.

The absolute calibrations adopted for the Pl relations are expressed as follows (Madore

& Irecdman 1991):

My - 2.43( 4 0.14)(log - 1.00)- 3.50(10.06)[1 0.36) (1)
My - - 2.76(:10.11)(log 1= 1.00) - 4.16(-10.05)[- 0.27] (2)
My - 2.94(4:0.09)(log T'-  1.00) -- 4.52(-1 ().04) ["{ 0.22] €)
M, - - 3.06 (10.07)(og I - 1.00- 4.87(-1 0.03)[:1-0.18] (4)

I'ixing the slopes to those given i the above equations, the zero point for cach 1'1,
relation in Iigure 7, and thus the apparent distan jce modulus for cach wavelength, was
determined by minimizing the rns fluctuation. ‘To avoid bias due to observational selection
¢ flects and the possible influcnce of overtone pulsators, we use ouly those Cepheids with
periods longer than 10 days. Thevariable V24 ()2 . 10.1791 days)inthe SC82 list is also
omitlted, since its Posttjon on the PL relat jon deviates significantly from the mean relation,

by approximalely 1.() mag. Hence we arelelt with six Cepheids, four from SC82 and two




10

from P94, The adoptled solution for cach wavelength i's superposed on the data. The
distance moduli for 13,V , R and 1 are respectively 26.06 4 0.07,26.10 4 ().08, 25.92 +
0.13 and 25.95 4 0.08 mag. Dottedlines above and below the solid-line solutions indicate
the 4 20+ intrinsic width in the calibrating LMC Cepheid sampl e, Although few points do
lie outside the 4 20 boundaries, we remind the readers that these are random- phase and

not phase averaged magni tudes.

SC82 obtained a I3 distance modulus of 25.8 mag. We converted their magnitudes to
W87’s system assuming (hat Cepheid variables hiave a mean color of (BV) ~ ().7 mag
(Madore 1985) and from Figure 3, we adopt anaverage oflset of - ().1 3 mag for SC82 I3 data
points, in the sense that the SC82 data were originally measured too bright. Minimizing the
dispersion and using the slope given in the LMC Pl relation above, we obtainthe best-fit
distance modulus of 25.52 - 0.12 mag for the modified SC82 data. This estimate is almost
0.4 mag smaller than the I3 distance modulus we obtain from CCI) data independently
calibrated and 011 W87’ssystem. W ¢ have no explanation at this point as to why the

modified SC82 estimate is significantly lower than our value.

FFollowing the procedure outlined in more detail by Madore and Ifreed man (1 991), a
reddening law (Cardellief al. 1989) was fitted to our multi- wavelength BV RI apparent
distance moduliand extrapolated to A~1-0to determine the true dist ance modulus for
Sextans A. Using those Cepheids with periods longer than 10 days, we obtain the distance
modulus to Sextans A of 25.85 4 0.15 mag. The determination of the true modulus requires
finding the minimum x? soluti onin the bivat iate extinction/modulus plane. Thus the error
in the true modulus is functionally dependent on the extinction error. This is illustrated
in IMigure 9 which shows the x? contours of the adopted solution. The dark solid line
corresponds tothe 10 error ellipse. We note that in Figure 8, a straight line of zero slope

fit (i.e. no extinction) at the distance modulus of as high as 26.02 mag docs also fit the
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data withinthe error bars. As observed inIfigure 9, this solution is within the correlated
lo error contour of the solution. Conversely, a solution with yio ~ 25.7 and I5(I3V) ~ ().1

mag also is also consistent with these data.
6. TRGB Distance

From previous work (Mould & Kristian 1986; 1, ee, I'rcedman & Madore 1993; Madore
& Yreediman 1995) we expect to detect stars achieving the peak Juminosity along the
first ascent red- giant branch at an absolute I-band magnitude of 4.0:1 0.1 mag. In the
wavelength range defined by the I-band filt er (~8000 A), the absolute magnit ude (but not
the color) of the TRGH reaches minimum dispersion in both age and metalheity (e.g., Lee,
Freedman & Madore 1993; Da Costa & Arm androfl 1990; Green, Demarque & King 1{)87).
‘1'11(" 1-band magnitude of the TRGB {herefore provides a stable and luminous Population
11 extragalact ic distance indicator equal in b rightness to a 6-day Population 1 Cepheid, but

far more numecrous, and also present in galaxies of every I ubble type.

Thus, wherever an old population of stars is resolved (Baade’s ‘red sheetl” in irregulars,
the bulges and halos of spirals, and in {the main bodies of ellipsticals) , the TRGB method
of distance determination can be applied. The main source of confusion in detecting the
TRGB (and dilution of the discontinuity of the RGB luminosity function) can resulit if a
population of luminous asymptotic giant branch stars is also present inthe gataxy. This
effect is a small added source of noise in pure Pop 11 systems, but may be a substantial
contributor of noise m composite systems with a strong mtermediate age component.
Applying the method at the largest practical galactocentric radit will help in reducing this
mtermediate-mass contamination found at huninosities somewhat brighter than those of
the TRGB. We illustrate the potential effect of an extended giant branch in our analysis of

the data for Sextans A, a dwarl galaxy with an obvious history of continuing (perhaps cven




episodic) star formation

We first consider the entire photometric I-band data set covering 9.7 by 9.7 arcmin,
centered 011 Sext ans A. The photometry formally extends to 7= 26 mag; however, in
the differential luim inosity function shown in Figure 4, severe incompleteness occurs at
1 22 mag, al which point the counts abruptly turn over and blend into the noise at
fainter magnitudes. I'rom this point on, we include in our analysis only those stars with

photometric errors less than 0.25 mag.

One approach to extracting the appropriate stellar population from the whole sample s
to select those stars withV -1 (°0101" larger thana certainvalue. Another effective technique
is to uscthespatialinformation. We can casily begin to increase the signal-to noise ratio
on measuring the TRG B discontinuity by focusing our attention on regions that are «
priori expected to be dominated by this old populat ion. Accordingly we subdivided the
data set into three regions: (1) a circular region 2.4 arcmin in radius centered on the main
body of Sextans A encompassing all of the active star forming regions. This region also
includes the high- surface-brightness portion of the galaxy, where crowding, confusionand
incompleteness will be most severe. (2) Anannular 1region also centered on the galaxy but
extending from 2.4 armin to 4.7 arcmin, designed to maximize the halo Population 11 (red
sheet) contribution, and @) thie remainder of the frame out to 4.7 arcinin from the galaxy
center to the NI cor ner of the CCD.'T'his outer field likely still contains a few extreme
halo members of Sextans A; however, for the purposes of discussion this region is herealter

characterized as ‘the field’.

Iigures 10a through ¢ show the color-magnitude diagrams for the main body, the halo
and the field, respectively. 11 is important to note that the limiting magnitude will be
different in cach of these regions: with the photometry of single stars in the main body

of the galaxy being limited by crowding and confusion, photometry in the outer annulus
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and ‘field” will more likely reach the (fainter) photon noise limit. Fven locally withinthe
main body of the galaxy, regious of active star formation will be more confused and have a

brighter magnitude limit than other regions of lower activity.

Ina previous application of the TRGB distance method, l.ee ef al. (1993) used
histograms to examine the luminosity function and to determine the position of the TRGB.
A disadvantage of histograms, however, is thal ambiguitics arise due to the fact that the
solution depends both on the binning width and on the starting point of the histogram. In
order to minimize this artificial dependence,in this paper we present a modified method
for the TRGB determination. The basic idea is to cmploy a Gaussian- smoothed luminosity
function. The details are presented in the Appendix. Figures 1 Tathrough ¢ show the results
for the Sextans A regions studied: main body, halo and field. We show the luminosity
function for cachregion; below these the edge detection results are shown. The I9eld
sammple is very sparse and the edge detection solution snows nothing other thanjust noise.
Iixamining the body and halo subsamnples, the fillered function peaks at 1 = 21.64 and
21.79 mag respectively. From their computer simulations, Madore & Ireedman (1995)
quantitalively explored the eflects of crowding and the shift of the position of the TRGB to
brighter magnitudes. This is indeed what we observe for Sextans A; the magnitude of the
TRGB of the body sample is brighter by 0.15 mag. In both halo and body samples, we
observe a noticeable bump in the filtered function, at magnitude about 0.25 mag brighter
than that of the TRGB. The corresponding feal ure is seen in the luminosity function as a
hump at 1 721 .6; it is due to the AGB population mentioned above, and adds extra noise

into the TRGRB analysis.

The distance modulus is determined via the relation (i A1), = lypas Mia ras.
The absolute magnitude, M ey is defined as My e = Moy, BCpwhich is dependent

on the metallicity. From Da Costa & Armandroff (1990) and Leeef @l (1993), we have
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Mgpor, = - 019[Fe/ ] --3,81 and BC; - 0.881 - 0.243(V [ )y pei. This calibration is
based ona relation between metallicity and magnitude for RR Lyrae stars of the form
My (RR) - 0.17[Fe/H] -1 ().82. The metallicity is expressedintermsof (V -- 1) color as
[(F7e/1] --12.65 412.6(V -- 1)_ys -- 3.3(V - 1) 5, where (V - 1) 55 is measured at
the absolute 1 magnitude of --3.5. In order to determine My pep accurately, we need to
iteratively calculate the distance modulus and the metallicity until they converge. For our
Sextans A data, the photometry is rcasonable, errors reaching approximately 0.1 mag at

1 :22.0 mag. The most uncertain parameter of course is the metallicity. However, as Lee
el al. (1993) report, My prei changes very little as the metallicity varies. Furthermore,
at 0.5 magnitude below the TRGB (roughly corresponding to AM; == - 3.5), the (V --- T)
color changes very little as a function of / magnitude. For this rcason,instead of explicitly

talc.ulatillg the metallicity for Sextans A, weadoptthe(V 7). 45 color of 1,3.

Anissue we need to address here is the reddeninig correction. Irornthe multi- wavelength
Cepheid observations, we determined in Section § an extinction of K(I3 — V) = 0.05 4-0.05.
This value, however, is derived for the mainbody of the galaxy that is dominated by the
Population 1 stars. Vor the Population I red giant branch found in the halo, we need to
make an estimate of reddening. The B-band Galactic extinction inthe direction of Sextans
A is Ap=-0.06 mag (Burstein & Heiles 1984). Using, preseriptions of Cardellief al. (1989),
we oblain the Galactic extinctionin/ of A;:0.46A; - 0.03 mag, which will be used as
the tower limit for the extinction of the Sextans A red giants. Vor the upper limit, we usc
(VY- 0.120+ 0.10 from the Cepheid results; which translates into the extinetion value

of Al 0.10. Thus, we adopt the I- band extinction of 0.06 - 0.06 mag.
Observing Figure 1 11) and applying the extinction to the TR GB, we obtain
Frnan 20 0013 40.09 mag. The absolugle magnitude of the TRGB changes very little asa

function of color (V' - 7). Applying the extinction corrections, we obtain (V1) - 1.27
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mag and Miarey - -4.01 4 0.10 mag. The distance modulus is therefore 25.74 4 0.13
mag, corresponding to the distance of 1.41 Mpc. This value agrees very well with that

derived from the Cepheid observations, 25.85 4 0.1 5 mag.

7. Conclusion

We have presented the luminosity function and color- magnitude diagrams for 4486
st ars in Sextans A, a dwarl irregular galaxy near to the bou ndar ies of the Local Group,
basced on VI photometry. Six Cepheid variables, with periods ranging from 15 days up

3

to 20 days, were identified in our observations. Combining data from SC82, A87, 1183,
W8T and P94, we determined the apparent distance modulus for each wavelength, BV RI.

I'itting a reddening law we obtainthe true dista nce modulus of 25.85 mag,.

We have also independently determined the distance to Sextans A by measuring the
position of the tip of the red giant branch. Ismploying a continous luminosity function
and applying an edge- detection filter as described in the Appendix, we derived a distarice
modulus of 25.74 4 0.13 mag, which agrees extremely well with that determined from the
Cepheids. These results further confirm the accuracy of the TRGB method as a distance

indicator.
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A. Quantitative Determination of the TRGI position

Inthis Appendix, we present our revised method for oblaining a quantitative estimate
for the position of the TRGB. It is an updaled version of the histogram method presented
inLee el al. (1 993). Instead of histograms, we express the 1- band luminosity function by a

continuous probability distribution function and operate on that as follows.

First the Tumi nosity function, ¢(rn), is determined by replacing the discretely
distributed stellar magnitudes by their corresponding Gaussians, following the expression:

N 1 Z

- Mmoo m
Sln) - > o expl- g/}) 1, (Al)
i1 \/Zwoi 20
where m; and o; are the magnitude and photometric error of ith star respectively and N
is the total number of stars in the sample. 1t is essentially a swin of normalized Gaussians

such that a magnitude with small photometry error gives a more strongly- peaked Gaussian.
The discrete Sobel edge detection filter used by Lee ef al. (1993) employed a kernel of
[2,-1,0,-4 1,4-2]. I operates as a localized slope estimator. To apply this filter as a smooth,

continuous function, we define the following adaplive edge detection filter:
Bm):= (14 0,) - (- 0,.). (A2)

In this continuous version, “the support for the kernel’is defined by the m ecanlocal
stal ist ical propertices of the data, where the variable o,, is the i can photometric error for

all stars with magnitude between 1 0.05 andrn -1 0.05.

The above method, however, oversmoothes the distribut jon function. It applies a

Gausstan simoothing on a point- by- poi nt basis when determining the continuous luminosity
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function: an additional smoothing is ncorporated in the edge detection expression which

depends onthe mean Gaussian error. ‘10 compensate for this effect, we reduced the effective
error terminEquation Alby a factor of two when determining the TRGB position for the

results presentedinthis paper.
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Figure Captions

Fig. 1 - Comparison of V magnitudes of bright stars in Sextans A. The solid line in each
graph represents the zero -point level, except in the case of SC82 comparison, this line is

offset by +0.3 msg. The dashed lines represent the least--squares fits.

Fig. 2 — Comparison of I3 magnitudes of bright stars. In top figure, A87 and W87
magnitudes arc compared against the SC82 data. The bottom figure shows the difference
between W87 and A87 magnitudes as a function of W87.

Fig. 3- The diflerence between W87 and SC82 I3 magnitudes as a function of 13—V

color. The solid line represents the least—squares fit.

Fig. 4 - The I--band luminosity function of stars in Sextans A. The open histogram
shows all the stars found by DAOPHOT. The solid histogram consists only of those with
photometry error less than 0.25 msg.

Fig. 5-1 - (V — I) color—-magnitude diagram for 4486 stars inScxtans A.

Fig. 6 — Same as I'igure 5 except that 10 random points arc generated for each magnitude

(see text).

Fig. 7 - Pl-relation for six Cepheid variables in Sextans A in I3, V, £ and I. The
solid line in each figure represents the P1, r-elation for each wavclength that minimizes the

dispersion. Dotiled-lines above and below signify 3-o errors in the LMC calibration of the

PI, relations.

Fig. 8-- The multi-wavelength fit of reddening to BV RI apparent distance moduli for

Sextans A. We obtain the true distance modulus of 25.85 msg.

Fig. 9 - A contour plot showing the chi-square values from fits in determining the true

distance modulus. The bold line represents the 1o contour.
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Fig. 10-1 — (V -- I) color-magnitude diagrams for the (8) main body of the Sextans A,
within 2.4 arcmin from the center, (b) halo which is defined as anannulus extending from

2.4 to 4.7 arcmin and (c) field region, the remainder of the frame.

Fig. 11 — I-band luminosity functions ({op) and results after applying the edge-detection
filter for three subregions of Sextans A. The tip of the red giant branch is detected at ] =
22.79.




‘able 1. Palomar COSMIC VI Photometry of

SC82 Bright Star Sample in Sextans A

69 20.228

‘NO. Y oy 1 gy No.

3 '20.024 0.017 19.827 0028 | 36 19.632
4 18761 0015 18527 0031 || 37 19.770
5 19.396 0016 19.189 0.027 | 38 19.247
6 20095 0019 20141 0033 | 39 18.607
7 18931 0.015 18579 0.025| 40 20.636
8 19.963 0017 19863 0033 | 41 19.966
9 19554 0016 18077 0025 || 42 19.712
10 19821 0.017 19.768 0.030 | 43 20.500
11 19.990 0.018 19.865 0.030 | 44 20.057
12 18783 0015 18511 0025 || 45 20.236
13 19.339 0016 19.003 0025 || 46 19.849
14 19395 0016 19.191 0020 || 47 19.556
15 17525 0.015 17.149 0.027 | 48 19.556
16 20290 0018 18785 0.026 | 49 19.743
17 19272 0016 19.165 0.027 || 50 18.455
18 20.017 0018 18375 0025 || 51 19.535
19 19706 0.015 19.829 0035 | 52 18.549
20 20.006 0.017 20.126 0039 | 53 19.094
22 20.125 0018 18778 0026 | 54 19.810
23 20345 0.020 20.344 0.034 | 55 19.976
24 19938 0018 19712 0032 | 56 18.600
25 20.240 0.017 20267 0035 | 57 19.330
26 19961 0.016 19.929 0030 | 58 19,721
27 20324 0018 18782 0025 || 59 19.560
29 19253 0.016 18884 0025 | 60 20.084
30 19592 0016 19285 0029 || 61 19.628
31 19637 0016 19704 0030 || 63 19.389
32 19458 0016 19.160 0.026 || 65 19.825
33 19507 0.015 19.197 0027 | 66 18,807
34 19916 0018 19715 0031 || 67 20.175
35 18243 0015 17,342 0.025

v

1 oy

0%7-- 19.546 0.028

0.016
0.016
0.015
0.023
0.017
0.017
0.019
0.017
0.018
0.016
0.017
0.016
0.018
0.016
0,020
0.016
0,015
0.018
0.016
0.016
0.016
0.017
0.016
0.018
0.020
0.016
0.017
0.015
0.018
0.019

18.257 0.025
19.114 0.027
17.254 0.025
19.169 0.026
18.390 0.025
19.456 0.027
19.115 0.025
20.013 0.033
18.760 0,025
18.380 0.025
19,360 0.027
19.376 0.027
19.073 0.025
16.784 0.081
19.573 0.027
18.353 0.025
19.148 0.026
19.930 0.031
20.052 0.032
16.988 0.136
17.818 0.024
18.148 0,026
19.403 0.026
20.232 0.036
19.312 0.026
19.421 0.027
18.273 0.025
18.099 0.025
20.028 0.033
19.968 0,031




Table 2a Photometry Comparisons: Zero Point Differences

W87 _ SC82 __ A8/ 183

This Paper —0.009 --0.289 —0.108 40.002~

w87 -0,274 -0,119 4-0.010,
SC82 +0.161  40.253
AB7 40115

‘able 2b: Photometry Comparisons: Standard Deviations

w87 SC82 A87 1183
This Paper 0.083 0.133 0.115 0.094~
W87 0.140 0.105 0.113
SC82 0.160 0.168
A87 _ 0.115




Table 3: The Cepheids in Sextans A

Source/JD Cepheid Peiod _BopV —ov 1 o)
Palomar Vo 155522 ... .-« 21.14 “0.03 20.44 0.10
2449809.7 V 3 212115 . . . . . . 20.40 0.02 19.60 0.03
V24 101791  --- ... 21.47 0.03 20.81 0.04
V25 185590  ---. .. 21.12 0.03 20.18 0.03
V28 254370 . . . . . . 21.02 0.03 19.98 0.04
CFIIT V1 155522 ... ... 21.7670.15 :

2445790.1 V 3 212115 21.77 013 2094 0,12
V25 185590 2'2.39 0.14 22.02 0,18 .
V28 254370 . . . . . . 2057 011 .
A8TT V3 212115 2048 004 21.03~ 006
V24  10.1791 21.18 0.06 2164 010 . . . . . .
V25 185590 21.36 O.(J7 22,15 (),13 . . . . . .
V28 254370 20.84 003 2164 ()06 . . -...
HSM? V3  21.2115 21.88 0.14 20.96 0.10 20.69 0.09
V24  10.1791 21.41 0.07 21.16 0.12 21.25 0.14
V28  25.4370 22.02 0.17 21.26 0.05 20.90 0.08
w87’ V25 185590 2247 . . . 2174 .- . . .. ..
V28 254370 2202 . .. 2090 _ .. .. ..

10bserved during February 25-27, 1985. 20bserved in May 1981. 3Observed
on February 14, 1986.
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