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ABSTRACT
We sing the praises of the central limit theorem. Having previously removed all other possible causes

of signiÐcant systematic error in the statistical-parallax determination of RR Lyrae absolute magnitudes,
we investigate systematic errors from two Ðnal sources of input data : apparent magnitudes and extinc-
tions. We Ðnd corrections due to each of about 0.05 mag, i.e., about half the statistical error. However,
these are of opposite sign and so approximately cancel out. The apparent-magnitude system that we
previously adopted from Layden et al. was calibrated to the photoelectric photometry of Clube & Dawe.
Using Hipparcos photometry and archival modern ground-based photometry, we show that the Clube &
Dawe system is about 0.06 mag too bright. Extinctions were previously based on the map of Burstein &
Heiles, which was constructed from H I maps. We argue that extinctions should rather be estimated
using the new map of Schlegel, Finkbeiner, & Davis based on COBE and IRAS measurements of dust
emission. This substitution increases the mean estimated extinction by about 0.05 mag, primarily because
of a di†erence in the zero point of the two maps. Our Ðnal estimate for the absolute magnitude is M

V
\

0.77^ 0.13 at [Fe/H]\ [1.60 for a pure sample of 147 halo RR Lyrae stars, or atM
V

\ 0.80^ 0.11
[Fe/H]\ [1.71 if we incorporate kinematic information from 716 nonkinematically selected nonÈRR
Lyrae stars from Beers & Sommer-Larsen. These are 2 and 3 p fainter than recent determinations of M

Vbased on main-sequence Ðtting of clusters using Hipparcos measurements of subdwarfs by Reid and
Gratton et al. Since statistical parallax is being cleared of systematic errors and since the probability of a
more than 2 p statistical Ñuctuation is less than 1/20, we conclude that these brighter determinations
may be in error. In the course of these three papers, we have corrected six systematic errors whose
absolute values total 0.20 mag. Had these, contrary to the expectation of the central limit theorem, all
lined up one way, they could have resolved the conÑict in favor of the brighter determinations. In fact,
the net change was only 0.06 mag.
Subject headings : dust, extinction È methods : statistical È stars : distances È stars : kinematics È

stars : variables : other (RR Lyrae)

1. INTRODUCTION

Statistical parallax appears to be an extremely robust
method for measuring the absolute magnitude of halo RR
Lyrae stars. Nevertheless, the results of this method are in
serious conÑict with several other determinations. In Paper
II of this series & Gould hereafter Paper(Popowski 1998b,
II) we found

M
V

\ 0.74^ 0.12, at S[Fe/H]T \ [1.60 (pure RR Lyrae) ,

(1)

for a sample of 165 halo RR Lyrae stars with high-quality
proper motions from the Hipparcos Space(European
Agency and Lick NPM1 Hanson, & Jones1997) (Klemola,

surveys. We also combined this result with a separate1993)
determination based on a nonkinematically selected sample
of 103 RR Lyrae stars and 724 nonÈRR Lyrae stars from

& Sommer-Larsen and (taking account of theBeers (1995)
0.45 correlation coefficient between the two samples) found

M
V

\ 0.77^ 0.10, at S[Fe/H]T \ [1.71 (combined) . (2)

The former value can be compared with measurements
based on main-sequence Ðtting of globular clusters to sub-
dwarfs with Hipparcos parallaxes that yield M

V
D 0.44

^ 0.08 or et al.(Reid 1997) M
V

D 0.49^ 0.04 (Gratton
at the same metallicity. (These com-1997 ; Gratton 1998)

1 Alfred P. Sloan Foundation Fellow.
2 Ohio State University Presidential Fellow.

parisons take account of di†erences in the metallicity scales
used by di†erent authors as we discuss more fully in the

If is combined with the measure-Appendix.) equation (1)
ment of the dereddened apparent magnitude of RR Lyrae
stars in the Large Magellanic Cloud (LMC) of V0\ 18.98
^ 0.05 & Nemec & Gould(Hazen 1992 ; Popowski 1998a,
hereafter Paper I), this yields a distance modulus kLMC\
18.24^ 0.14. (Here we have assumed an LMC metallicity
[Fe/H]\ [1.8, and a slope M

V
\ const ] 0.15[Fe/H],

but the exact value of the slope makes very little di†erence
because the metallicities in and of the LMC are soeq. [1]
similar.) This result is quite low compared to the
““ traditional ÏÏ value and is even lower com-kLMC\ 18.50
pared to those derived using Hipparcos-based calibrations
of RR Lyrae stars and Cepheids : kLMC\ 18.65^ 0.1 (Reid

et al. and1997), kLMC\ 18.63^ 0.06 (Gratton 1997),
& CatchpolekLMC\ 18.70 ^ 0.10 (Feast 1997).

In principle, these discrepancies could be due to a greater
than 2 p statistical Ñuctuation. However, for Gaussian sta-
tistics, the probability of a 2 p Ñuctuation is less than 1/20.
(Moreover, for the statistical-parallax determination, we
have checked that the distribution of errors has Gaussian
tails, even when the input data are not Gaussian distrib-
uted.) The usual cause of more than 2 p discrepancies is not
statistical Ñuctuations but systematic errors, and one is
therefore led to suspect that there are unrecognized system-
atic errors in one or several of these measurements. More-
over, the conÑict with is even stronger, aboutequation (2)
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3 p. Although there are some additional assumptions that
go into that make it overall less robust thanequation (2)

the combined determination neverthelessequation (1),
argues against a large statistical Ñuctuation as the source of
the discrepancy.

This is the third and Ðnal paper in a series designed to
essentially eliminate the possibility of a signiÐcant system-
atic error in the statistical-parallax determination. Sta-
tistical parallax works in e†ect by forcing equality between
the velocity ellipsoids as determined from radial velocities
and from proper motions. That is, one can measure the nine
parameters describing the velocity ellipsoid (three com-
ponents of bulk motion plus six independent componentsw

iof the velocity-dispersion tensor from radial velocitiesC
ij
)

alone. On the other hand, if one assumes some arbitrary
absolute magnitude for the RR Lyrae stars, then one can
infer their distances from their measured apparent magni-
tudes and estimated extinctions. The distances and proper
motions yield the transverse velocities, and from these one
can again estimate the nine parameters of the velocity ellip-
soid. One could then adjust the assumed absolute magni-
tude so that the velocity ellipsoid from proper motions
matched the velocity ellipsoid from radial velocities as
closely as possible. In practice, one Ðts for all 10 parameters
(nine for the velocities plus the absolute magnitude) simul-
taneously using maximum likelihood.

Logically, there are three possible ways for systematic
errors to enter the determination. First, the mathematics of
the method itself could introduce biases. Second, the RR
Lyrae sample could fail to satisfy some of the physical
properties assumed by the method. Third, one or more of
the four major observational inputs (proper motions, radial
velocities, apparent magnitudes, and extinctions) could be
systematically in error. (A Ðfth observational input, metal-
licities, requires a separate discussion. Di†erent studies may
be on systematically di†erent metallicity scales, and care
must therefore be exercised when comparing the results
from these investigations. See the Appendix.)

In we investigated possible systematic errorsPaper I,
arising from the mathematical method and physical
assumptions. An example of a potential mathematical
problem is that the likelihood method explicitly assumes
that the velocity distribution is Gaussian, whereas, as we
showed, the actual distribution is highly non-Gaussian. An
example of a potential physical problem is that the method
implicitly assumes that the velocity-dispersion tensor does
not depend on location despite the fact that the stars are
found at distances kpc) that are a signiÐcant fraction of([2
the Galactocentric distance kpc). We examined a(R0D 8
large number of such e†ects, some by vigorous Monte Carlo
simulations and some with the aid of mathematical argu-
ments. We corrected for all of them although most were
smaller than 0.01 mag and tended to mutually cancel one
another. The largest correction (0.03 mag fainter) was due
to Malmquist bias, which had been previously recognized
but not previously incorporated into the analysis.

In we investigated systematic errors arisingPaper II,
from the Ðrst two observational inputs, proper motions and
radial velocities. The proper motions are of greater concern
because they are intrinsically more difficult to measure and
hence have larger fractional errors. We had already noted in

that if the proper-motion errors are misestimated,Paper I
this can introduce signiÐcant systematic errors even if the
proper motion themselves are unbiased. We used the

precise Hipparcos proper motions (when available) to test
the two large catalogs, Lick and Mao, & JiWan, (1980,
hereafter WMJ), that had previously been used and found
that indeed the Lick errors had been slightly underesti-
mated and the errors had been seriously underesti-WMJ
mated. These two corrections moved brighter by 0.04M

Vmag, but this was mostly compensated by random changes
induced by substituting the more precise Hipparcos proper
motions (when available) for the previous values. We also
tested all three catalogs to search for nonstatistical errors
and removed Ðve questionable stars.

Radial velocities are in principle much easier to measure
than proper motions. However, for pulsating variables, the
measured velocity of (the atmosphere of ) the star can di†er
from its center of mass by D50 km s~1 and hence an accu-
rate velocity determination requires many measurements
and/or good phasing. The quality of the radial-velocity data
varies from star to star, and it was therefore possible that
the errors had been either systematically overestimated or
underestimated. In we checked the entire systemPaper II,
of the radial-velocity measurements by, in e†ect, determin-
ing the radial-velocity ellipsoid from the & Sommer-Beers
Larsen nonkinematically selected sample of(1995)
metal-poor nonÈRR L yrae halo stars. The resulting wasM

Vconsistent with the one derived from the pure RR Lyrae
sample, indicating that the radial velocities are not a source
of signiÐcant systematic error.

In brief, checked for and removed all sources ofPaper I
systematic error coming from the mathematics of the
method and the physical assumptions about the sample,
down to a level well below the statistical error. didPaper II
the same for two of the observational inputs : proper
motions and radial velocities.

Here we turn our attention to the remaining two obser-
vational inputs : apparent magnitudes and extinctions. At
Ðrst sight, it does not seem that there could be much contro-
versy about the apparent magnitude of V D 12 stars.
However, exactly because the stars are bright, many were
measured long ago. et al. compiled photo-Layden (1996)
metric measurements from several sources and attempted to
put them on a common system aligned with their large
subsample from & Dawe which has photo-Clube (1980),
electric photometry and which they assumed to be equiva-
lent to the modern system. In particular,(Landolt 1992)
they found the photoelectric photometry of etBookmeyer
al. to be on average 0.06 mag fainter than that of(1977)

& Dawe and transformed it accordingly (seeClube (1980)
et al. Table 1). Thus, there are uncertainties inLayden 1996,

the apparent-magnitude scale of order 0.06 mag that,
according to are half the size of the statisticalequation (1),
error. In we test the et al. system against° 3, Layden (1996)
Hipparcos photometry. We show that for theV [ 12,
untransformed et al. photometry is inBookmeyer (1977)
good agreement with Hipparcos. The & DaweClube (1980)
photoelectric photometry also agrees well with Hipparcos
for but is systematically brighter than HipparcosV [ 10.5
by D0.06 mag for The most straightforward11 [ V [ 12.
interpretation of these results is that the et al.Bookmeyer

photometry is more reliable than the & Dawe(1977) Clube
photometry and that therefore the et al.(1980) Layden
system is too bright by about 0.06 mag. This conclu-(1996)

sion is conÐrmed by the good agreement between Hipparcos
and the high-quality photometry of et al.Jones (1992),

and Chab, & ReiswigSchmidt (1991), Schmidt, (1995).
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Extinctions pose another set of problems. For stars that
are far from the Galactic plane, one can assume that they
are above essentially all of the dust along their line of sight.
One can therefore adopt the extinctions as measured for
extragalactic objects along the same (or very nearby) lines of
sight. & Heiles hereafter BH) have con-Burstein (1982,
structed a map of such extinctions over a large fraction of
the sky by combining galaxy counts and H I measurements.
The extinction estimates of et al. are basedLayden (1996)
primarily on this map for the great majority of the sample.
However, there are some lines of sight (particularly at low
latitudes) for which do not give extinctions and othersBH
where the star is relatively close to the plane so that some of
the dust may lie behind the star. In the latter cases, the BH
map would overestimate the extinctions. For these stars,

et al. adopted other methods to estimate theLayden (1996)
extinction, notably the colors of the stars. Since the intrinsic
color of RR Lyrae stars is a function of the period with
relatively little scatter, this method should work well at least
on average. However, had earlier used colorsSturch (1966)
to estimate the extinctions toward a large sample of RR
Lyrae stars, and Reid, & Murray foundStrugnell, (1986)
that these estimates were systematically higher than their

values by 0.11 mag. et al. arguedBH-based Layden (1996)
that the system was correct and attempted to putBH-based
stars without extinctions on the same system.BH BH
Nevertheless, it is important to note that if the Sturch (1966)
system were correct, the dereddened apparent magnitudes
would be systematically brighter by 0.11 mag, and hence the
absolute-magnitude estimate would be brighter by the same
amount. This would move the statistical-parallax estimates
of and closer by 1 p to the estimates obtainedM

V
kLMCusing competing methods, and thus would help signiÐcantly

to resolve the controversy.
In we therefore reevaluate the extinctions using a° 4,

di†erent approach. First, we base our determinations on the
new extinction map of Finkbeiner, & DavisSchlegel, (1998,
hereafter SFD). We argue that the map is superior toSFD
the map both in its level of detail and in its zero point.BH
(The zero point of is about 0.06 mag higher in thanSFD A

Vthe map.) Second, we restrict attention to stars that areBH
more than 300 pc from the Galactic plane. These lie beyond
most of the dust and therefore the extinctions requireSFD
only small corrections. Third, we exclude the four stars with

extinctions since comparison withSFD A
V

[ 0.56 Layden
et al. shows a systematic deviation for these stars and(1996)
we are unable to determine which system is in error. We
Ðnd a correction due to revised extinctions, which makes

about 0.05 mag brighter. Combining the correctionsM
Vdue to revised apparent magnitudes and extinctions, we Ðnd

that equations and are each increased (made fainter)(1) (2)
by 0.03 mag. These changes are in fact mainly due to
random Ñuctuations caused by the fact that we are using a
slightly di†erent sample (147 vs. 165 stars). The two system-
atic e†ects that we identify here almost precisely cancel out.
Our results are all presented in and we discuss the° 5,
implications of these results in We begin in by° 6. ° 2
describing our basic sample.

2. SAMPLE

As in our initial sample of RRab Lyrae starsPaper II,
comes from two sources. First, et al. giveLayden (1996)
proper motions, radial velocities, apparent magnitudes,
extinctions, and metallicities for 213 stars. Second, Hip-

parcos gives proper motions for many of these 213 and for
19 additional stars for which there are radial velocities,
apparent magnitudes, extinctions, and metallicities in

These are VX Scl, SX For, RX Col, HH Pup,Layden (1994).
RV Oct, TY Aps, XZ Aps, RW Tra, WY Pav, MS Ara,
IN Ara, V455 Oph, V413 CrA, BK Dra, BN Pav, BP Pav,
Z Mic, RY Oct, and SS Oct. In we also included inPaper II,
our master Ðle another star, BX Dra, which is probably an
eclipsing variable, not an RR Lyrae star et al.(Fernley

However, this was classiÐed as a disk star and so did1998).
not enter the Ðnal sample. In we eliminated aPaper II,
number of speciÐc stars because of doubts about the quality
of their proper motions. These included all stars with only

proper motions. That is, our sample was composedWMJ
entirely of stars with Lick and/or Hipparcos proper
motions. We repeat this procedure in the current paper.

As in we consider two di†erent samples. First,Paper II,
we obtain a pure RR Lyrae sample of stars belonging
to ““ halo-3 ÏÏ as deÐned by et al. Second,Layden (1996).
we select a nonkinematic sample of both RR Lyrae stars
and nonÈRR Lyrae stars using a metallicity criterion,
[Fe/H]\ [1.5. The latter are drawn from the sample of
1836 stars of & Sommer-Larsen As we discussBeers (1995).
in °° and we slightly modify the selection procedures of3 4,

to account for new apparent magnitude andPaper II
extinction information.

3. APPARENT MAGNITUDES

Equations and were derived making use of photo-(1) (2)
metry compiled by et al. hereafter L96) whenLayden (1996,
available and in a few cases from hereafterLayden (1994,
L94) (which ultimately has the same sources). Of the 213
stars (including 162 ““ halo-3 ÏÏ stars) in 57 (51 ““ halo-3 ÏÏ)L96,
have photoelectric photometry from & DaweClube (1980,
hereafter CD80), 81 (54) have photoelectric photometry
from et al. hereafter B77), 7 (4) have Wal-Bookmeyer (1977,
raven photometry from 21 (14) have CCD pho-Lub (1977),
tometry from hereafter S91) and etSchmidt (1991, Schmidt
al. hereafter S95), 8 (5) have preliminary photoelectric(1995,
photometry from and 39 (34) have photometry com-L96,
piled by from heterogeneous sources in the GeneralL94
Catalog of Variable Stars hereafter(Kholopov 1985,
GCVS). attempted to place all of these on a commonL96
system aligned with the photoelectric photometry of CD80.

In particular, they transformed the photoelectricB77
photometry and the and CCD photometry accord-S91 S95
ing to

VL96 \ 0.146] 0.983VB77 (3)

and

VL96 \ [0.086] VS91,S95 . (4)

et al. have Ðtted the light curves of 144 RRFernley (1998)
Lyrae stars (including 123 type ab and 21 type c) using
photometry data from Hipparcos. They transformed the
Hipparcos magnitudes into Johnson V magnitudes usingV

Hwhere X \ 0.09 for type ab and X \ 0.06 forV \V
H

[ X
type c, in accordance with the transformations given in the
Hipparcos catalog at the appropriate colors for type ab and
type c, respectively. They tested these values against the
precise ground-based measurements of & JanesLiu (1990)
for 13 stars with intensity-weighted means in the range

including 11 type ab and two type c. They9.5[V [ 11.1
found a mean o†set of only 0.003 mag, with a scatter of



10 11 12 10 11 12

No. 2, 1998 SYSTEMATICS OF RR LYRAE STATISTICAL PARALLAX. III. 847

0.007 mag. This gives high conÐdence both in the under-
lying Hipparcos data and in the procedure for recovering
intensity-weighted means of et al. hereafterFernley (1998,
F98). We therefore propose to use the data set to testF98
the photometry of the larger compilation.L96

Before doing so, however, we Ðrst note that the Hipparcos
magnitudes require small additional corrections due to
extinction. According to the Hipparcos catalog, in the
neighborhood of V [ V

H
D [0.09, d(V [ V

H
)/d(V [I) \

[0.16, and therefore for reddened RR Lyrae stars one
must further adjust the Hipparcos magnitudes by
[0.16E(V [I) D [0.2E(B[V ). This results in our Ðnal
estimate for Hipparcos-based Johnson V magnitudes, forV

h
,

type ab stars,

V
h
\ VF98 [ 0.2E(B[V )

\ V
H

[ 0.09[ 0.2E(B[V ) (RRab) . (5)

This change reduces the mean Hipparcos-based magnitudes
by only D0.01 mag relative to the calibration.F98

We also follow and remove three stars from ourF98
previous sample (as deÐned in These are XZ CetPaper II).
and AR Ser, which are anomalous Cepheids (not RR Lyrae
stars), and BB Vir, which shows evidence of having a
horizontal-branch star companion.

shows the di†erence between the Hipparcos-Figure 1a
based magnitudes and the magnitudes of stars drawn byV

hfrom two catalogs : (triangles) andL96 B77 S91] S95
(circles). Both catalogs have been transformed according to

The discrepancies are signiÐcant :L96. SVL96 [ V
h
T \

[0.049^ 0.009 for andB77 SVL96[ V
h
T \ [0.100

^ 0.011 for where the errors are standard errorsS91]S95,
of the mean. shows the di†erence between theFigure 1b
Hipparcos-based magnitudes and the original andB77

magnitudes for the same stars. Here the agree-S91]S95

ment is excellent : andSVB77[ V
h
T \ [0.006^ 0.009

We conclude that theSVS91,S95 [ V
h
T \ [0.014^ 0.011.

original photometry was on the modern scale and thatB77
it was superior to the photometry. Less surprisingly,CD80
the and CCD photometry is also on the modernS91 S95
scale. We also show in 16 RRab Lyrae stars withFigure 1b
high-quality photometry (squares) from et al. aJones (1992),
subset of which were used by to test their Hipparcos-F98
based magnitudes. The excellent agreement between Hip-
parcos and the solid points from et al. andJones (1992)

over the range is strong evidenceS91]S95 9.6[V [ 12.3
that the Hipparcos magnitude scale is correct over the full
range of interest. (Note that et al. actually con-Jones 1992
sider 17 RRab Lyrae stars, but we are unable to reconstruct
the undereddened photometry for one of these, SS Leo,
from their sources, & Janes and Carney, &Liu 1990 Jones,
Latham 1988.)

Based on these results, we therefore revise the catalog of
apparent magnitudes as follows : We adopt the Hipparcos-
based magnitudes of (slightly adjusted for reddening asF98
described by whenever they are available. For theeq. [5])
stars without Hipparcos-based magnitudes, we consider
each of the six sources of photometry quoted by L96
separately. We adopt the original (untransformed) photo-
metry of and since, from these areB77 S91]S95 Figure 1b,
in good agreement with Hipparcos. reported prelimi-L96
nary photoelectric photometry for eight stars, of which one
has a Hipparcos-based magnitude. For the remaining seven
stars, we substitute the Ðnal values as reported by Layden

reports photoelectric photometry for(1997). Layden (1997)
one other star (V494 Sco) and a photoelectric recalibration
of another star (V413 Oph) with photographic photometry
previously transformed from (see below). We adopt theL94

values in both cases. There are only threeLayden (1997)
stars from without Hipparcos-based magnitudesLub (1977)

FIG. 1.ÈDi†erence between the V magnitude of RR Lyrae stars as determined by from Hipparcos data (slightly adjusted according to and theF98 eq. [5])
V magnitude for the same stars as determined by several other sources. Shown are stars with magnitudes reported by (triangles), (circles), andB77 S91 ]S95

et al. (squares). The last are shown in (b) only. In (a) we show the di†erences between the Hipparcos-based magnitudes and the magnitudes ofJones (1992) B77
and as transformed by according to eqs. and respectively. There is a clear o†set and trend with magnitude. In (b) we show the di†erencesS91 ]S95 L 96 (3) (4),
between the Hipparcos-based magnitudes and the magnitudes as originally reported by the various authors. Panel (b) shows that the original magnitudes of all
three samples are on the same system as Hipparcos. Moreover, the fact that the solid points (representing high-quality ground-based photometry) fall close to
the zero line over the interval shows that Hipparcos-based photometry is quite precise over the entire range of interest.9.6[V [ 12.3 F98Ïs
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(CP Aqr, AR Ser, and V494 Sco). AR Ser is an anomalous
Cepheid (see above), and V494 Sco was remeasured by

CP Aqr is a disk star, and so does not enterLayden (1997).
into our Ðnal results. For completeness, however, we note
that we derived a transformation forV \ VL96/0.985[0.116
the stars using the Hipparcos-based magnitudesLub (1977)
of four of them. This leaves two sources : andCD80 L94.

shows as a function of (circles).Figure 2 VCD80 [ V
h

VCD80For is consistent with Hipparcos, but forV [ 10.5, CD80
is brighter, with a mean di†erence of11 [V [ 12, CD80

[0.06^ 0.01 mag. Thus, there is a clear trend with magni-
tude. In principle, it is possible that this trend is due to
systematic errors in the Hipparcos-based photometry.
However, as we discussed above, there is substantial evi-
dence that Hipparcos is correct. Since Hipparcos agrees with

the same trend would appear in a comparison ofB77, CD80
and Indeed, it was this trend that measured toB77. L96
derive their ““ correction ÏÏ for given byB77 equation (3).
Since we established that is correct and that the trend isB77
due to systematic errors in it is appropriate to invertCD80,

to produce a correction forequation (3) CD80,

V \ VCD80[ 0.146
0.983

. (6)

This is shown as a dashed line in Also shown areFigure 2.
the magnitudes for the 18 stars withoutVCD80 CD80
Hipparcos-based magnitudes (crosses). For 13 of these

stars, there is also photometry. For these we plotCD80 B77
the value of Clearly, these di†erences followVCD80[ VB77.

FIG. 2.ÈDi†erence between the V magnitude of RR Lyrae stars as
determined by from Hipparcos data (slightly adjusted according toF98 eq.

and the V magnitude for the same stars as determined by[5]) CD80
(circles). We plot this di†erence against rather than V (Hipp) toV (CD80)
show apparent-magnitude distribution for 18 stars with photometry from

but without Hipparcos photometry (crosses). For the 13 such starsCD80
for which photometry is also available from the di†erenceB77, VCD80is shown. The remaining Ðve stars have an ordinate of 0.2. There is[ VB77a clear trend with magnitude for the stars and this trend is similarCD80
for both the stars with Hipparcos photometry and with photometry.B77
The dashed line is the expected deviation of the stars from(eq. [6]) CD80
the true V magnitude based on inverting taken from thatequation (3) L96,
is inverting choice of the best available photometry and assuming itL96Ïs
was rather thanB77 CD80.

the pattern of the di†erences, conÐrmingHipparcos-CD80
that is on the Hipparcos system and is not.B77 CD80
Therefore, for the Ðve stars without or HipparcosCD80 B77
photometry (shown with ordinate values of 0.2), we adopt
the transformation given by For the 13equation (6). CD80
stars with photometry but without Hipparcos photo-B77
metry, we adopt the average of the photometry and theB77

photometry as transformed byCD80 equation (6).
shows for 27 stars that were drawnFigure 3 VL96[ V

hfrom by and that have Hipparcos-based magni-GCVS L94
tudes. These include nine of the 39 such stars from (theL96
other 30 do not have Hipparcos-based magnitudes) plus 18
additional stars that were not analyzed by (A 19th star,L96.
IN Ara, has a Hipparcos proper motion but no Hipparcos
apparent magnitude because found that the photo-F98
metry was of too low a quality to extract a reliable result.)
For these 18 stars, only magnitudes were available.L94 L96
do not specify exactly how they converted the magni-L94
tudes, but by comparing the two catalogs, we Ðnd a very
tight relation Stars withVL96 \ VL94 ] 0.0187(VL94 [ 10).
photoelectric photometry are shown by crosses, and stars
with photographic photometry are shown by circles. The
six Ðlled circles all derive from a single paper by Ho†meister

and are clearly grossly in error. These are all among(1943)
the ““ 18 additional stars ÏÏ and so did not a†ect the L96
results but did a†ect the results of Fortunately,Paper II.
none of the remaining 30 stars that lack Hipparcos-GCVS
based magnitudes are drawn from this source, so it does not
a†ect the present paper. Ignoring these six stars, the remain-
ing 21 stars have with aSVL96 [ V

h
T \ 0.001 ^ 0.027,

scatter of 0.13 mag. This subsample is therefore overall of

FIG. 3.ÈDi†erence between the V magnitude of RR Lyrae stars as
determined by from Hipparcos data (slightly adjusted according toF98 eq.

and the V magnitude for the same stars as determined by by[5]) L96
transforming photometry from (For 18 of the stars only photo-GCVS. L94
metry was available, but we have transformed these to the system.)L96
Shown are stars with photoelectric photometry (crosses) and photographic
photometry (circles). The six solid circles are all from a single source

If these are removed, the scatter is 0.13 mag, which is of(Ho†meister 1943).
lower quality than Hipparcos, and (adjustedB77, S91 ]S95, CD80
according to but is still acceptable. Of the 147 stars in the Ðnaleq. [6]),
sample, 24 have only photometry.GCVS
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TABLE 1

PHOTOMETRY OF 147 HALO STARS

Number of
Source Stars Remarks

F98 . . . . . . . . . . . . . . . . . . . . 72 Based on Hipparcos
B77 . . . . . . . . . . . . . . . . . . . . 26
L96 . . . . . . . . . . . . . . . . . . . . 24 Originally from GCVS
S91 ]S95 . . . . . . . . . . . . . 11
(B77] CD80@)/2 . . . . . . 9 CD80@ from eq. (6)
Layden 1997 . . . . . . . . . . 5

substantially lower quality than the rest of the sample.
Given the fact that it comprises only D16% of the full Ðnal
sample (24 out of 147 stars), and given that the mean di†er-
ence is close to zero, the quality would still seem to be
acceptable. However, has two additional, some-Figure 3
what disturbing, features. First, the photographic measure-
ments have substantially larger scatter. Second, the
photographic measurements lie systematically below zero,
whereas the photoelectric measurements lie systematically
above zero. Thus, we approach the subset drawn from

through (and without Hipparcos-basedGCVS L94
magnitudes) cautiously. The primary results that we report
incorporate these stars, but as a check, we also derive solu-
tions by Ðrst eliminating them.

In the discussion above we described the general trans-
formations (sometimes identities) that should be applied to
existing photometric data and gave the number of stars in
di†erent categories referring to the whole master data set of
233 stars. In we list sources of photometry and theTable 1,
number of stars with given photometry for our Ðnal sample
of 147 halo stars.

4. EXTINCTIONS

Recent RR Lyrae statistical-parallax studies have all
relied primarily on the reddening map to account forBH
extinction Papers and We argue that this(L96 ; I II ; F98).
map should now be replaced by the map for threeSFD
reasons.

First, is based on infrared emission (as measured bySFD
the COBE and IRAS satellites), whereas is based on 21BH
cm measurements of neutral hydrogen. Infrared emission
has a direct physical relation to the dust, whereas H I is only
indirectly related. Moreover, the H I method can underesti-
mate the dust in dense regions either because the 21 cm line
saturates or because H I is converted into molecular hydro-
gen. give an instructive example of regions that lookSFD
very similar in H I, but have very di†erent dust structures as
measured by infrared emission.

Second, covers more of the sky and does so in muchSFD
greater detail. Therefore it is bound to replace for mostBH
applications, including work on the extragalactic distance
scale. To obtain the most reliable results, one must measure
the RR Lyrae absolute magnitude locally and the apparent
magnitudes of RR Lyrae stars in external galaxies on the
same system.

Third, the map and the map di†er systemati-SFD BH
cally in the sense that has 0.06 mag more extinction onSFD
average. Although there are arguments in favor of both zero
points, the arguments for the zero point appear moreSFD
compelling to us. In any event, even if the zero pointSFD
were eventually proved wrong, such an error would, as
noted in the previous paragraph, cancel out in most

distance-scale applications. That is, the estimate of M
Vwould be too bright, but the estimate of the dereddened

apparent magnitude of RR Lyrae stars in external gal-V0axies would be too bright by the same amount, so the dis-
tance modulus would be una†ected.k \ V0[ M

Vestablish the scale factor of their dust map bySFD
Ðnding the slope and intercept of the linear Ðt to the plot of
their dust measure against the observed B[V color of ellip-
tical galaxies. They determine the zero point from the corre-
lation at high Galactic latitudes of their far-infrared dust
emission measure with H I emission (after removing the
zodiacal light using the correlation with 25 km emission).
Once the slope and the zero point are Ðxed, every point on
the sky is assigned an extinction. If the zero point of this
relation were substantially in error, then the point with the
lowest extinction would most likely be either below zero or
substantially above zero. In fact, the extinction in the least
obscured region averaged over a 1¡ aperture, and so sta-
tistically highly signiÐcant, is positive, but quite close to
zero, If the zero point were correct, then theA

V
\ 0.01. BH

map should be adjusted downward by 0.06 mag, andSFD
the best estimate for the dust at this lowest point would be

Thus, both the method for determining theA
V

D [0.05.
zero point and the actual result appear very sound.SFD

In order to use the map, we must initially restrictSFD
attention to RR Lyrae stars that lie sufficiently far from the
Galactic plane that most of the dust along the line of sight
to extragalactic objects actually lies in front of the star. We
choose a minimum distance from the plane of pc,zmin\ 300
and we assume that the dust has a scale height of h \ 130
pc. Thus, for a star at height z\ 300 pc, we assume that
[1[ exp ([o z o/h)]] 100%\ 90% of the dust lies in front
of the star and hence that the reddening E(B[V ) is 90% of
the value given by We adoptSFD. R

V
\A

V
/E(B[V ) \ 3.1.

Of course, it is possible that along any given line of sight all
of the dust lies within 300 pc, and that along a few lines of
sight, a signiÐcant patch of dust lies beyond 300 pc.
However, from the point of view of measuring the absolute
magnitude of RR Lyrae stars, all that is important is that
this scale-height relation is correct on average.

shows extinctions versus extinc-Figure 4 L96 SFD-based
tions for stars with o z o[ 300 pc. The extinc-SFD-based
tions incorporate the correction for a dust scale height of
h \ 130 pc. The extinctions are based primarily on theL96

system, and, like our values, were originally correctedBH
for a dust scale height. The diagonal line has a slope of 1
and an intercept of [0.05 to account for the zero point
di†erences between and as determined from RRSFD BH
Lyrae stars. The solid triangles are ““ halo-3 ÏÏ stars and the
open triangles are disk stars. The latter are not included in
our statistical-parallax solution but are useful for studying
systematics in extinctions. For the points areA

V
[ 0.56,

grouped closely around the line, whereas at higher values
they tend to fall below the line. We do not know the cause
of this deviation, whether the extinctions areSFD-based
too high or the extinctions are too low. PlausibleBH-based
arguments could be made either way. In this paper we try to
avoid all possible sources of systematics, and we therefore
eliminate the four stars (circles) with extinctionsSFD A

V
[

0.56.
The restrictions and remove onlyo z o[ zmax A

V
\ 0.56

about 10% of the sample. Nevertheless, it would be nice to
reincorporate these excluded stars, provided that there was
a way to estimate their extinctions on the same scale as the



0 0.5 1 1.5

0

0.5

1

1.5

h = 130pc

850 GOULD & POPOWSKI Vol. 508

FIG. 4.ÈExtinctions of (based primarily on versus extinctionsL96 BH)
based on (including a correction for a dust scale height of h \ 130 pc).SFD
Shown are ““ halo-3 ÏÏ stars (solid triangles) and disk stars (open triangles).
The diagonal line has a slope of 1 and an intercept of [0.05, to account for
the zero point di†erence between the two maps. The points systematically
fall below the line for We therefore eliminate the four halo-3A

V
Z 0.56.

stars with extinctions (circles).SFD A
V

[ 0.56

map. Alcock et al. have measured theSFD (1998a, 1998b)
correlation between log period and intrinsicP0 (V [K)0color based on extinction estimates of a sample of 16SFD
RRab Lyraes with well-measured light curves. They Ðnd

(V [K)0\ 1.052^ 0.013](1.059^ 0.147)(log P0] 0.29) .

(7)

Unfortunately, of the 15 excluded stars in the ““ halo-3 ÏÏ
statistical-parallax sample, we are able to Ðnd mean K
magnitudes of sufficiently high quality for this purpose
for only one (TU Uma). We therefore use only stars with
o z o[ 300 pc and which yields a sample of 147A

V
\ 0.56,

stars of which 24 have photometry from (MS AraGCVS.
is above 300 pc if its new Hipparcos apparent magnitude is
adopted and below 300 pc if its old magnitude isGCVS
used. We include this star in all solutions to permit a fair
comparison.)

5. RESULTS

shows the statistical-parallax solutions for ourTable 2
Ðnal sample of 147 ““ halo-3 ÏÏ RR Lyrae stars (as deÐned in

and additionally speciÐed in This sample isL96 Paper II).
smaller than the 165 stars that we analyzed in Paper II

primarily because of the removal of stars with poorly deter-
mined extinctions as discussed in but also becauseSFD ° 4,
of the removal of two anomalous Cepheids and one star
with a possible horizontal-branch companion as discussed
in We show four solutions : (1) without any changes° 3.
relative to the data used in (2) with new apparentPaper II,
magnitudes but with extinctions taken from (3)Paper II,
with new extinctions but with apparent magnitudes(SFD)
taken from and (4) with new extinctions and newPaper II,
apparent magnitudes. The numbers in parentheses are the
errors. Note that whereas row (1) is not strictly comparable
to the results of because of the di†erent number ofPaper II
stars (147 vs. 165), the results are actually quite similar.

Column (2) is the distance-scaling factor g, which is nor-
malized so that g \ 1 for the absolute-magnitude scale of
L96,

g 4 1 F M
V

\ 0.95] 0.15[Fe/H] (L96) . (8)

Hence, the Ðnal result of incorporating the new apparent
magnitudes and new extinctions for 147 halo RR Lyrae
stars is

M
V

\ 0.77^ 0.13, at S[Fe/H]T \ [1.60 (pure RR Lyrae) .

(9)

Columns (3), (4), and (5) give the bulk motion of the
sample in km s~1 relative to the local Galactic frame (with
radial coordinate pointing outward). Here, the Sun is
assumed to be moving relative to this frame at ¿

_
\ ([9,

232, 7) km s~1. The bulk motion is 15 ^ 13,w
i
\ (6^ 14,

1 ^ 8) km s~1. Columns (6), (7), and (8) give the square
roots of the diagonal terms of the velocity-dispersion
matrix, in km s~1. The Ðnal row reportsC

ij
1@2 C

ii
1@2 \ (pn, ph,99 ^ 8, 90 ^ 7) km s~1. We do not displayp

z
) \ (171^ 11,

the o†-diagonal terms of as we did in Papers andC
ij

I II
because they are close to zero and uninteresting.

All the results in have been corrected for Malm-Table 2
quist bias, scatter in the relation, bias due toM

V
[ [Fe/H]

the anisotropic distribution of program stars on the sky, the
e†ects of the non-Gaussian RR Lyrae velocity distribution,
and rotation from the heliocentric frame to the local-
Galactic frames of the stars, as discussed in detail in Paper I.

As we discussed in 24 of the 147 stars in this sample° 3,
have photometry from which is overall of lowerGCVS,
quality (scatter D0.13 mag) than that of the other 123 stars.
These stars should not be excluded on these grounds
because this scatter is still small compared to the intrinsic
scatter of the method, mag, where N \ 147N1@2p

MV
\ 1.57

is the size of the sample and mag is the error inp
MV

\ 0.13
(See Appendix A of for an additionalequation (9). Paper II

discussion.) Nevertheless, for completeness we have deter-
mined the solution without these stars and Ðnd M

V
\

0.77^ 0.14, almost exactly the same as equation (9).

TABLE 2

COMPARISON BETWEEN FOUR KINEMATICALLY SELECTED RR LYRAE SAMPLES

Description g w1 w2 w3 C111@2 C221@2 C331@2(1) (2) (3) (4) (5) (6) (7) (8)

Old V , old A
V

. . . . . . . 0.982 (0.058) 4.4 (14.5) 15.5 (12.4) 0.7 (7.9) 172.1 (10.8) 98.2 (8.0) 89.6 (7.2)
New V , old A

V
. . . . . . 0.953 (0.057) 5.6 (14.4) 15.2 (12.5) 0.8 (8.0) 170.9 (10.7) 99.3 (8.1) 89.8 (7.2)

Old V , new A
V

. . . . . . 1.005 (0.060) 4.8 (14.5) 15.6 (12.4) 0.8 (7.9) 172.2 (10.8) 98.2 (8.0) 89.6 (7.2)
New V , new A

V
. . . . . . 0.975 (0.058) 5.9 (14.4) 15.4 (12.5) 1.0 (8.0) 171.1 (10.7) 99.3 (8.1) 89.8 (7.2)

NOTE.ÈThe bulk motion and velocity dispersions are given in km s~1. Quantities in parentheses are the uncertainties in
parameter determinations.
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In we adopted h \ 130 pc for the exponential scale° 4
height of the dust. We Ðnd that if we instead use h \ 100 pc
or h \ 160 pc, is changed by about 0.001 mag.equation (9)
Even if we were to use h \ 300 pc, the change would be only
0.01 mag.

In we also considered a nonkinematically selec-Paper II,
ted sample of 827 stars with [Fe/H]¹ [1.5, including 103
RR Lyrae stars and 724 nonÈRR Lyrae stars from &Beers
Sommer-Larsen The available evidence suggests(1995).
that RR Lyrae stars are similar in their kinematics to other
metal-poor stars & Lambert & Yoshii(Ryan 1995 ; Chiba

and that the kinematics of metal-poor stars are not a1998),
strong function of metallicity & Sommer-Larsen(Beers

Therefore the nonÈRR Lyrae stars should deÐne the1995).
same velocity ellipsoid as the RR Lyrae stars, despite the
fact that their mean metallicity is S[Fe/H]T D [2.2 com-
pared to S[Fe/H]TD[1.8 for the RR Lyrae subsample.
Under this assumption, the large number of nonÈRR Lyrae
stars can independently deÐne the radial-velocity ellipsoid
and so yield a check on the radial-velocity ellipsoid (and
hence the statistical-parallax solution) deÐned by RR Lyrae
stars alone. That is, only radial velocities of the nonÈRR
Lyrae stars deÐne the Ðrst velocity ellipsoid, and this is later
matched to the distance-dependent velocity ellipsoid
obtained using both radial velocities and proper motions of
RR Lyrae stars. This allows one to determine the distance-
scale parameter g.

Here we repeat this procedure with a few changes. First,
we eliminate all of the RR Lyrae stars that have question-
able apparent magnitudes or extinctions as discussed in ° 4.
Second, we slightly change the selection criterion from
[Fe/H]¹ [1.5 to [Fe/H]\ [1.5. The reason for this is
that assigned to seven RR Lyrae stars for which thereL96
were no measured metallicities, an assumed metallicity [Fe/
H]4 [1.5, which was the mean for their entire sample.
One may show that for the pure RR Lyrae samples of L96,

and this paper, this assumption intro-Paper I, Paper II,
duces an utterly negligible random error of 0.002 mag.
Thus, the assumption is justiÐed in order to maximize the
size of the usable sample. However, incorporation of these
stars could introduce a bias for the metallicity-selected
sample we are now considering. By slightly changing the
criterion to [Fe/H]\ [1.5, we eliminate these stars and
very few others. We then obtain a sample of 87 RR Lyrae
stars with S[Fe/H]T \ [1.81 and 716 nonÈRR Lyrae stars
with S[Fe/H]T \ [2.22. gives the results for thisTable 3
sample. The description of the columns and rows is the
same as for The results correspond toTable 2.

M
V

\ 0.82^ 0.13, at S[Fe/H]T \ [1.81 (nonkinematic) ,

(10)

34 ^ 9, 2 ^ 5) km s~1, andw
i
\ (4 ^ 9, C

ii
1@2 \ (pn, ph,109 ^ 8, 94 ^ 5) km s~1. Following the pro-p

z
) \ (160^ 7,

cedure discussed in we have added in quadrature aPaper II,
systematic error of 0.04 mag in going from toTable 3

to take account of possibly di†erent levels ofequation (10)
thick-disk contamination in the RR Lyrae and nonÈRR
Lyrae solutions.

As in we combine the two determinations (eqs.Paper II,
and taking account of the 0.44 correlation coeffi-[9] [10])

cient between them (see Appendix B to andPaper II)
obtain,

M
V

\ 0.80^ 0.11, at S[Fe/H]T \ [1.71 (combined) .

(11)

Note that equations and are in good agreement with(9) (11)
equations and(1) (2).

6. DISCUSSION

We take as the primary result of this paperequation (9)
because the statistical-parallax solution for the pure RR
Lyrae sample requires essentially no additional assump-
tions. By contrast, the nonkinematic solution of equation

and, by implication, the combined solution of(10) equation
require the additional assumption that metal-poor RR(11)

Lyrae stars have the same kinematics as metal-poor
nonÈRR Lyrae stars. Although this assumption is not
absolutely secure, there are a number of very strong argu-
ments in its favor. First, as we discussed above and in Paper

there is no evidence that RR Lyrae and nonÈRR LyraeII,
stars can be distinguished kinematically. Second, the avail-
able evidence suggests that kinematics are independent of
metallicity for [Fe/H]\ [1.5. Third, the pure RR Lyrae
and nonkinematic solutions for g agree within their errors,
even taking account of the 0.44 correlation coefficient
between them (see Tables and Fourth, there are no2 3).
statistically signiÐcant di†erences between the individual
velocity components of the solution in for 147 RRTable 2
Lyrae stars and the individual velocity components of the
solution based only on the 716 metal-poor &Beers
Sommer-Larsen stars (i.e., as determined from radial(1995)
velocities alone). The latter di†ers somewhat from the solu-
tion in and is given byTable 3 w

i
\ ([2.2^ 9.6,

38.3^ 11.0, 1.1^ 5.5) km s~1 and C
ii
1@2\ (160.0^ 10.1,

118.7^ 13.1, 92.6^ 6.1) km s~1. Taking the di†erence
between these six parameters and those in andTable 2
dividing by the errors yields (0.5, [1.4, [0.2, 0.8, [1.2,
[0.3). The component di†ers the most for those twow2solutions, but this is expected because the pure RR Lyrae
sample was selected by removing stars with prograde orbits,
whereas the nonkinematic sample was, of course, selected
without kinematic criteria. The component which hasC221@2,

TABLE 3

COMPARISON BETWEEN FOUR SAMPLES OF NONKINEMATICALLY SELECTED STARS WITH [Fe/H]\ [1.5

Description g w1 w2 w3 C111@2 C221@2 C331@2(1) (2) (3) (4) (5) (6) (7) (8)

Old V , old A
V

. . . . . . . 0.936 (0.051) 3.8 (8.5) 34.4 (8.7) 2.1 (4.8) 160.0 (6.6) 109.0 (8.3) 94.4 (5.0)
New V , old A

V
. . . . . . 0.915 (0.050) 3.9 (8.5) 34.3 (8.7) 2.1 (4.8) 159.7 (6.6) 109.2 (8.3) 94.4 (5.0)

Old V , new A
V

. . . . . . 0.958 (0.052) 3.9 (8.5) 34.4 (8.7) 2.2 (4.8) 160.2 (6.6) 108.9 (8.3) 94.3 (5.0)
New V , new A

V
. . . . . . 0.937 (0.051) 4.0 (8.5) 34.3 (8.7) 2.1 (4.8) 159.9 (6.6) 109.1 (8.3) 94.4 (5.0)

NOTE.ÈThe bulk motion and velocity dispersions are given in km s~1. Quantities in parentheses are the uncertainties in
parameter determinations.
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the second largest di†erence, is also a†ected by selection
criteria. Finally, if there were any systematic di†erences
between the RR Lyrae stars and the nonÈRR Lyrae stars
used in the nonkinematic sample, we would expect that it
would be in the sense of the nonÈRR Lyrae stars having
more extreme kinematics because they are on average more
metal poor. This would drive the radial-velocity ellipsoid to
higher dispersions and faster (relative to the Sun) bulk
motion, and hence would cause one to overestimate dis-
tances (and luminosities) of the RR Lyrae stars when one
attempted to match their proper motions to these high,
nonÈRR Lyrae radial velocities. That is, the only plausible
bias of this method is in the same direction as would be
needed to resolve the discrepancy between statistical paral-
lax and other methods of determining the absolute magni-
tude of RR Lyrae stars and opposite in sign from the actual
di†erence between the nonkinematic and pure RR Lyrae
samples. In brief, although does not sit on asequation (11)
Ðrm a foundation as it does argue very strong-equation (9),
ly against the idea that is the result of a largeequation (9)
statistical Ñuctuation, particularly a Ñuctuation in the direc-
tion of underestimating the RR Lyrae luminosity.

As we discussed in the introduction, is inequation (9)
conÑict at the 2 p level with the values determined from
main-sequence Ðtting of clusters at the same metallicity
of orM

V
D 0.44^ 0.08 (Reid 1997) M

V
D 0.49 ^ 0.04

et al. There are only four(Gratton 1997 ; Gratton 1998).
possible explanations for such a discrepancy : (1) a rare
(\1/20) statistical Ñuctuation, (2) a substantial di†erence
between cluster stars and Ðeld stars in the magnitude of the
horizontal branch, (3) a systematic error in the main-
sequence Ðtting distances to clusters, or (4) a systematic
error in the statistical-parallax measurement.

In this series of three papers, we have eliminated explana-
tion (4). Explanation (1) is of course always possible but is
unlikely. has suggested explanation (2), thatGratton (1998)
Ðeld and cluster horizontal branches might be di†erent.
However, two lines of evidence weigh against this possi-
bility. First, as notes, comparison of theGratton (1998)
apparent magnitudes of RR Lyrae stars in LMC clusters
with those of neighboring Ðeld RR Lyrae stars (for which
the reddening should be quite similar) shows a mean o†set
of only 0.05^ 0.02. However, this argument strictly applies
only to LMC RR Lyrae stars : there still could be a di†er-
ence between Ðeld and cluster RR Lyrae stars in the Galaxy,
which, unlike the LMC, is a large spiral and probably has

had quite a di†erent formation history. In fact, &Sweigert
Catelan have produced models of two clusters with(1998)
rising blue horizontal branches (NGC 6388 and NGC 6411)
that have RR Lyrae stars several tenths of a magnitude
brighter than those of canonical horizontal-branch sce-
narios. The models invoke nonstandard features, either high
helium abundance, high rotation velocity, or helium mixing
at the tip of the giant branch, which cause the stars to have
longer periods at Ðxed temperature and metallicity. Such
long periods are actually observed for the two known RR
Lyrae stars in NGC 6388, enhancing the plausibility of this
explanation. However, has shown that theCatelan (1998)
period-temperature diagrams for RR Lyrae stars in Ðve
clusters that have been used for main-sequence Ðtting are
actually quite similar in appearance to those of Ðeld stars of
similar metallicity. Hence, although some cluster horizontal
branches may be brighter than those of the Ðeld, this does
not appear to be the case for the clusters with main-
sequence Ðtting distances.

We therefore consider that explanations (1), (2), and (4)
are all rather unlikely and that a systematic error in the
main-sequence Ðtting distances is the most plausible expla-
nation for the discrepancy. One possible cause of a system-
atic error in the main-sequence Ðtting distances is that the
metallicities of the local subdwarfs might be on a di†erent
scale from those of the clusters (determined from giants).
SpeciÐcally, if the subdwarf metallicities were too low (or
the giant metallicities too high) then intrinsically brighter
subdwarfs would be matched to the cluster main sequences,
leading to an overestimate of the cluster distance and of the
luminosity of its horizontal branch. Recently, et al.King

have found intriguing evidence of a possible mis-(1998)
alignment of this sort. They measured the metallicities of
M92 subgiants (not quite subdwarfs, but with higher gravi-
ties than giants) and obtained metallicities up to dex lower12than those of M92 giants. Although there are a number of
possible explanations for this result, one is that the metal-
licities of giants are being systematically overestimated or
those of subdwarfs are being systematically underestimated.

We would like to thank A. Layden for clarifying a
number of points related to the database he and his collabo-
rators compiled and for sending us a copy of the GCVS
reference list that was missing from our library. This work
was supported in part by grants AST 94-20764 and AST
97-27520 from the NSF.

APPENDIX

METALLICITIES

RR Lyrae luminosities are a function of metallicity, and therefore it is best if the mean metallicity of the calibrating stars be
the same as that of the stars whose distance one wants to measure. Failing this, one should at least know the di†erence
between the two metallicities and the slope of absolute magnitude with metallicity.

Metallicity itself (in the sense of abundance of Fe relative to the solar value) is not an observable. Rather it is a parameter
derived from observables (line strengths, colors, etc.) on the basis of atmosphere models. In order for RR Lyrae stars to be
e†ective distance indicators, it is not necessary that their true metallicity be known. Rather, as discussed above, it is only
necessary to know the di†erence in metallicities between di†erent samples. In principle, this di†erence could be determined
directly from the observables. In practice, the observables are usually summarized as a single number : the ““ metallicity.ÏÏ Thus,
as long as two metallicities are measured on the same ““ system ÏÏ (and hence codify the observables in the same way) the role of
RR Lyrae stars as distance indicators is not a†ected by absolute errors in the metallicity. Metallicity therefore enters the
statistical-parallax calibration in a substantially di†erent way from the other observational inputs, which is why we treat it
separately. Of course, it is of some interest to know what the true metallicities of RR Lyrae stars are, and consequently what
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are their absolute magnitudes as a function of true metallicity. However, this question does not bear directly on the distance
scale.

The metallicities (which we have adopted) are pinned to the & West hereafter ZW84) metallicity scale forL94 Zinn (1984,
globular clusters. (See, e.g., Fig. 1 of Hence, our statistical-parallax calibration has the scale embedded in it. WhenL94.) ZW84
this calibration is applied to other RR Lyrae stars with metallicities on the scale (such as one can make aZW84 Reid 1997),
direct comparison regardless of whether the scale is actually correct. However, there are numerous other metallicityZW84
scales that can di†er by several tenths of a dex from For example, & Kova� cs Ðnd that the (i.e.,ZW84. Jurcsik (1996) L94

scale is related to the Kraft, & Kinman scale by ComparingZW84) Suntze†, (1994) [Fe/H]
S
\ 0.957[Fe/H]

L
] 0.200.

individual cluster metallicities of et al. with we Ðnd that the former are about 0.1 dex more metal rich atGratton (1997) ZW84,
and about 0.25 dex more metal rich at Hence, when we compared our absolute-[Fe/H]ZW84D [2 [Fe/H]ZW84D [1.5.

magnitude calibration at with et al. and speciÐcally eq. [15]), we actually[Fe/H]ZW84 D[1.6 Gratton (1997) Gratton (1998,
used their absolute magnitude at [Fe/H] \ [1.4. Note that if we had made the comparison ““ naively ÏÏ at the Gratton (1998)
metallicity of [Fe/H]\ [1.6, the discrepancy between the two methods would have been more severe by 0.04 mag. For this
case the comparison is relatively straightforward. However, in general, metallicities are often quoted without making clear
what scale they are on, so that it may be difficult to carry out rigorous comparisons in some cases. In any event, one should
always proceed cautiously whenever making any such comparison.

For the comparison with the situation is made simpler by the fact that the slope ofGratton (1998), Gratton (1998)
is well constrained. However, if we consider comparing the statistical-parallax result (atS \ dM

V
/d[Fe/H] [Fe/H]SP\

[1.60) with the value obtained by another method at a di†erent metallicity, then there is an additional uncertainty[Fe/H]
*
,

in the comparison, even if the two metallicities are put on the same scale. This uncertainty is *S*[Fe/H], where *[Fe/H]\
and *S D 0.15 is the di†erence of plausible slopes reported in the literature, S \ 0.15 to S \ 0.30.[Fe/H]SP[ [Fe/H]

*
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