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ABSTRACT

The distance to the Galactic center inferred from OGLE RRJafiables observed in the direc-
tion of the bulge isRy = 8.1+ 0.6 kpc. An accurate determination & is hindered by countless
effects that include an ambiguous extinction law, a biasfoaller values oRy because of a pref-
erential sampling of variable stars toward the near sidehefliulge owing to extinction, and an
uncertainty in characterizing how a mean distance to theaf variable stars relates tgy. A
VI-based period-reddening relation for RR Lyr variables isvée to map extinction throughout the
bulge. The reddening inferred from RR Lyr variables in théa@ac bulge, LMC, SMC, and IC 1613
match that established from OGLE red clump giants and dakSiepheids. RR Lyr variables obey a
period—color Y1) relation that is relatively insensitive to metallicitydge-on and face-on illustrations
of the Milky Way are constructed by mapping the bulge RR Lyialales in tandem with cataloged
red clump giants, globular clusters, planetary nebulaessital Cepheids, young open clusters, Hll
regions, and molecular clouds. The sample of RR Lyr vargbtenot trace a prominent Galactic bar
or triaxial bulge oriented ap~ 25°.
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1. Introduction

Recent estimates of the distance to the center of Milky Wagegrom Ry ~
7—9 kpc (Groenewegen and Blommaert 2005, Bital. 2006, Feaset al. 2008,
Groenewegeret al. 2008, Vanhollebeket al. 2009, Majaes®t al. 2009a, Mat-
sunageet al. 2009). The standard error associated Wwihas inferred from vari-
able stars is often smallest owing to sizeable statistic§%, se= a/y/n). Yet it
remains a challenge to identify and mitigate the dominaaote®of error, namely
the systemic uncertainties. In this study, several effagliscussed that conspire
to inhibit an accurate determination & from the photometry of variable stars.
RR Lyr variables detected in the direction of the bulge by GGre utilized to es-
timate the distance to the Galactic center, to map extindgtiooughout the region
surveyed, and to assess the morphology of the Galaxy in hgravith red clump
giants and pertinent tracers.
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2. Analysis

2.1. Sample and Distribution

The sample of RR Lyr variables used here is that compiled birge, Sumi,
and Fabrycky (2006) from the OGLE survey of Galactic bulgkifiéUdalskiet al.
1992, 2002, Sumi 2004). Readers are referred to the commsteediscussion in
Collingeet al. (2006) regarding the construction of the database. Stdnibiting
spurious distances were not included in the present asalysi
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Fig. 1. Edge-on view of the Milky Way as delineated by OGLEgsuRR Lyr variables (red dots),
planetary nebulae (black dots), and globular clusterse(dhts) in Galactic coordinate space.
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It is instructive to begin by examining the distribution oRR.yr variables in
position, magnitude, extinction, and distance space. dtations of the variables
are mapped on an edge-on model of our Galaxy as illustrat@ieoetary nebulae
and globular clusters (Fig. 1). The distribution of plamgtaebulae in Galactic
coordinate space was compiled from the catalogs of Kohg@2@®1) and MASH
I and Il (Parkeret al. 2006, Miszalskiet al. 2008). Harris (1996) tabulated the
relevant data for globular clusters. Planetary nebulagsetprogenitors are pri-
marily old low mass objects, outline the Galactic bulge vehtreir distribution
peaks rather clearly (see Fig. 1 of Majaessl. 2007). RR Lyr variables are not
sampled in areas tied to anomalous extinction near the plape- 8, Fig. 2), and
a similar absence is noted for planetary nebulae (Fig. 1obyt

The distribution of the sample’s mean magnitude as a funcaifdGalactic po-
sition indicates uneven sampling (Fig. 2). The survey pedsedeeper in tandem
with the need to overcome increasing extinction toward th&a@ic plane, namely
(V) ~17 atb~ —6°, (V) ~19 atb~3°,to (V) ~ 21 atb~ —1°.
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Fig. 2. The mean visual magnitude, color excess, and distassociated with the RR Lyr variables
as a function of Galactic longitude and latitude.
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2.2. Extinction

Extinction throughout the bulge can be assessed by cotisigua period—
reddening relation for RR Lyr variables, in similar fashitinclassical Cepheids
(Majaesst al. 2008a, 2009c). That relation shall also facilitate the niagpf in-
terstellar reddening for regions throughout the Milky Wanddeyond. An RR Lyr
variable’s color excess may be approximated by assuming tha

Eg-v ~ alogP+B(mi—m2) +@

wherea, B, andg are coefficients that can be derived by minimizing gfestatis-

tic for a calibrating data set, anak,; and my, are mean photometric magnitudes
in different passbands. The calibrators are RR Lyr varsiethe globular clus-
ters M3 (Hartmaret al. 2005), M54 (Layden and Sarajedini 2000), M92 (Kopacki
2001), and NGC 6441 (Pritat al. 2003). Reddenings for the calibrating glob-
ular clusters were acquired from various studieg{Harris 1996, Majaesst al.
2009c). The optimum solution is:

Eg_v ~ —0.88logP; +0.87(V —1) — 0.61 (1)

which reproduces the calibrating set with an average uaicgytof +0.03 magni-
tude. The true scatter applying to use of the relationshiphtividual RR Lyr vari-
ables may be larger, particularly for stars near the edghefrtstability strip. The
relation can provide first order estimates to complementspeddenings (Benedict
et al. 2002, 2007, Laney and Caldwell 2007, Turner 2010). RR Lyraides pul-
sating in the overtone were shifted by Bg~ logP, + 0.13 to yield the equivalent
fundamental mode period (Walker and Nemec 1996, Susdgt al. 2003, Gruber-
baueret al. 2007, Hurdis 2009). Alternatively, M3 offers a unique oppaity to
infer the intrinsicVI colors of RR Lyr variables directly since foreground extion
along the globular cluster’s line of sight is negligible (®lare and Racine 1969).
Thus a formal fit tovl photometry of RR Lyr variables in M3 may be employed to
establish reddenings. An interpretation of Bérét al. (2006) M3 photometry is
given in Fig. 3.

Reddenings for locations sampled by the survey are mappeadasction of
Galactic position (Fig. 2). The following general trend daminferred regarding
extinction throughout the bulge, namely that it is not syrtrineor uniform. For
example, across~ 3° the reddening varies from approximatdély v ~ 0.6 — 2.3
(Fig. 2). The reddening throughout the entire sample rafiges Eg_ v ~ 0.4 —
3.4, with extinction increasing to a maximum near the dusteitcalactic plane
(Fig. 2). The estimated color excess is in satisfactoryegent with that inferred
by Sumi (2004) from adjacent OGLE red clump giants (Fig. 4).

The robustness of Eq. (1) may be further evaluated. Drawpuanuwphotome-
try for RR Lyr variables in the LMC (Udalsket al. 1998, Soszfiski et al. 2003,
2009), SMC (Udalsket al. 1998, Soszgski et al. 2002), and IC 1613 (Dolphin
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Fig. 3. Top VI colors for RR Lyr variables in M3 exhibit a period dependefgleotometry from
Benlkd, Bakos, and Nuspl 2006). The overplotted relation is Ej(galid line) or (V — 1) ~ (V —
1)o ~ 0.7+ logPs . Bottom the computed color excess using Eq. (1).
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Fig. 4. The color excess inferred from bulge RR Lyr varial{eg. 1) match estimates compiled by
Sumi (2004) for adjacent red clump giants.

et al. 2001), the resulting mean reddenings for the galaxies arsis@nt with es-
timates inferred from red clump giants, a Galactic cladstepheid relation, and
other means (Table 1). That indicates RR Lyr variables adter period—color
(VI) relation which is relatively insensitive to metallicityPerhaps an expected
result granted the slope of near infrared RR Lyr variable @egheid distance re-
lations are comparatively unaffected by chemical compwsi{Longmoreet al.
1990, Udalsket al.2001, Bono 2003b, Pietragkiet al. 2004, Perssoat al. 2004,
Sollimaet al. 2006, Del Principest al. 2006, Benedicet al. 2007, van Leeuweat
al. 2007, Fouquét al. 2007, Matsunagat al. 2006, Majaesst al. 2008a, 2009a,
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Tablel

Mean reddenings for the galaxieBg_v)

Galaxy Cepheids (TI) RRLyr RedClump Giants  Zaritgktyal. 2004 Photometry
(Udalskiet al.1999) (Ngeowet al. 2009)

LMC 0.14 012 014 013 (1,2,6,7,8)
SMC 013 010 009 - (1,3)
IC1613 005 005 - - (4,5)

(1) Udalskiet al. (1999), (2) Soszyski et al. (2009), (3) Soszyskiet al. (2002), (4) Dolphiret al.
(2001), (5) Udalsket al. (2001), (6) Soszyski et al. (2008b), (7) Cioniet al. (2000), (8) Massey
(2002). The classical Cepheid reddenings inferred from@hkactic calibration of Majaesst al.
(2009c). The color excess varies with position across thgéManic Clouds and shall be elaborated
upon elsewhere.

2009c, Majaess 2009d). By contrast, readers should exddhtion when employ-
ing BV relations for Cepheid and RR Lyr variables of differing alance (Cald-
well and Coulson 1985, Madore and Freedman 1991, Clebsal. 1993, Tam-
mannet al. 2003, Di Criscienzeet al. 2007, Majaest al. 2008a, 2009c). The
computed color excess for the brightest member of the varielass, RR Lyr, is
Es_v ~ 0.01 mag. That agrees with both a value cited by Fetat. (2008) and a
field reddening inferred from 2MASS photometry using methtebsted elsewhere
(Bonattoet al. 2004, 2006, Majaesst al. 2007, 2008a, Bonatto and Bica 2009,
Turneret al. 2009b, Turner 2010). The implied absolute magnitude for BR L
is My ~ 0.55 mag, assumings_v ~ 0.01 mag (Eq. 1) andl ~ 260 pc (Bene-
dict et al. 2002, Bonoet al. 2002, Majaess 2009d). To establish the parameters
VI photometry from The Amateur Sky Survey for RR Lyr was utiiz®roegeet
al. 2006), although concerns persist regarding the surveyssgohetric zero point
and the star's modulating amplitude. An ephemeris to pHas¥ tand| data was
adopted from the GEOS RR Lyr database (Boninsegjral. 2002, Le Borgneet
al. 2004, 2007).

2.3. Distance

A type Il CepheidVI reddening-free relation is employed to provide distances
for the sample of RR Lyr variables (Eq. 2, Majaestsal. 2009a). Relying ex-
clusively on the photometric surveys of fellow researchbtajaess (2009d) reaf-
firmed that to first order SX Phe, RR Lyr variables, and type épBeids may
adhere to a commo¥| period—magnitude—color relation (see also the intergstin
JHKs results of Matsunagat al. 2006). AVI Wesenheit diagram and function il-
lustrate the underlying period—magnitude continuity vimd variable stars of the
population Il instability strip (Majaess 2009d), althouggrhaps somewhat imper-
fectly. Admittedly, small statistics inhibit an elaboratealysis toward the SX Phe



Vol. 60 61

regime and RR Lyr variables may exhibit a steeper Weseniedtion than type I
Cepheids. However, distances inferred from Eq. (2) of Msga¢ al. (2009a) ap-
pear largely insensitive to that latter putative differer(Eig. 10, see also Majaess
2009d). The slopes of the Wesenheit functions characterighorter-period type

Il Cepheids and RR Lyr variables are generally consistettt thie predictions of
Marconi, Di Criscienzo, and collaborators, underscoring viability of their re-
search team’s pulsation models. Readers are referredd@sthy van den Bergh
(1968), Madore (1982), Opolski (1983), Kovacs and Jurc$897), Kovacs and
Walker (2001), Di Criscienzo, Marconi, and Caputo (2004addre and Freedman
(1991, 2009), and Turner (2010) for a broader discussioardigg RR Lyr and
Cepheid Wesenheit relations. The calibrators of the Majatal. (2009a)VI dis-
tance relation were OGLE LMC type Il Cepheids (Udalskial. 1999, Soszfiski

et al. 2008a), with an adopted zero point to the LMC establishethfotassical
Cepheids and other mean@r(— M) ~ 1850 mag, Laney and Stobie 1994, Gib-
son 2000, Freedmagt al.2001, Benedictt al.2002, Majaesst al.2008a, Majaess
2009d). The classical Cepheid zero point to the LMC was iatkfrom the pho-
tometry of Udalskiet al. (1999) and Sebet al. (2002), using the reddening-free
distance relation of Majaess al. (2008a). That relation is tied to a restricted sub-
sample of Galactic cluster Cepheidsd, Turner and Burke 2002) and Cepheids
with new HST parallaxes (Benediet al. 2007).

Fig. 5. OGLE RR Lyr variables nearest to the Galactic plabe=(—1.5°) and fainter tharv ~
19 mag are not sampled beyodd- 8 kpc (blue dots).

The mean distance to the sample of RR Lyr variables observegidirection
of the bulge is 8L4+0.6 kpc (0/2). Yet what is the relation t&y, the distance to
the Galactic center? The meanRs if the sampling were uniform across a sym-
metric bulge. However, a fraction of RR Lyr variables are samnpled equally at
the rear and forefront of the bulge. Indeed, as the survegsriba Galactic plane,
the effects of extinction increase the magnitude thresheleded to adequately
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sample the bulge beyond the limit of the survey (Fig. 2, 5).e Tiean distance
inferred from RR Lyr variables nedr~ —1° is d ~ 7 kpc, while at larger Galac-
tic latitudes it is approximately a kiloparsec further (F& 5). RR Lyr variables
fainter thanV ~ 19 mag and nearest to the Galactic plane are not observeddeyo
~ 8 kpc (Fig. 5). Establishingry from that limited subsample shall yield a result
systemically too close. The data were therefore excluded the derivation oRRy.
Majaes<et al. (2009a) suggested the impact of the bias may be assesseddry as
taining Ry via an alternative approach, namely by adding an estimate émaithius

of the bulge to the distance to its near side. Admittedlyt #pgproach introduces
new uncertainties and is idealistic granted the bulge mayi&édal (Fig. 6).
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Fig. 6. Top left an orientation ofp~ 25° (sun-gc line) is not indicative of RR Lyr variables detected
in the direction of the bulgeBottom left red clump giants may trace a nested nuclear structurerwithi

a primary bar (data from Nishiyarmet al. 2005, 2006). Right, a reprocessed cropped portion of the
HST image of NGC 1672.

Establishing the distance to the Galactic center from ehlibgye type 11 Cephe-
ids (Kubiak and Udalski 2003, Majaessal. 2009a) or RR Lyr variables yields an
analogous resultRy ~ 8 kpc). However, that result depends rather sensitively on
the extinction law adopted, particularly since the reddgsiare inherently large
(Fig. 2). The nature of the extinction law toward the bulgacétively debated and
is thus a primary source of uncertainty in the determinatbriRy (Gould et al.
2001, Udalski 2003, Rufflet al. 2004, Sumi 2004, Kunder and Chaboyer 2008).
The Majaes®t al. (2009a) distance relation employed here assumes an eéatinct
law similar to that cited for bulge stars by Udalski (2003).hindsight, however,
perhaps the least squares approach adopted by Maaeds(2008a, 2009a) to
obtain the coefficients of the Cepheid (Type | and Il) distaralations, which in-
cludes an estimate for the pseudo extinction law term, shbelforgone in favor
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of relations derived assuming an extinction laysriori. The matter shall be elabo-
rated upon in a separate study. Nevertheless, the distanived here to the center
of the Milky Way agrees with that inferred by geometric me@iRg~ 7.6—8.3 kpc,
Vanhollebekeet al. 2009, Table 1). Note, however, that geometric-based estna
of Ry exhibit scatter and non-zero uncertainties, importaritietvhich are often
overlooked including previously by this author (Majaessl. 2009a).

2.4. Galactic Structure

One commonly proposed scenario has the Milky Way exhibiifgr oriented
at @ ~ 25° along the sun-Galactic center line. The reputed bar tylyieadtends
from —10° < ¢ < 10°, being nearer to the Sun for positive However, RR Lyr
variables do not appear to delineate a prominent bar oriddiglge at@ ~ 25°
(Fig. 2, 6). Incidentally, nor is extinction in the region §f < ¢ < 10° anomalous,
as otherwise expected if observing through a dense thickfgr 2, 6). A formal
fit to the variable star sample binned fnyields @~ 77° + 15°, which is also in
agreement with an axisymmetric distribution (Fig. 6, tofp)leAlcock et al. (1998)
and Kundetet al. (2008) likewise note that there is marginal evidence for raitba
the distribution of bulge RR Lyr variables. Readers arerrefitto their studies for
a comprehensive discussion of the proposed rationale.

Nishiyamaet al. (2005, 2006) infrared survey of red clump giants put forth
detailed evidence that the Milky Way exhibits a distinct leac structure nested
within a primary bar (Fig. 6, bottom left). Indeed, considgrthe inner region
of the galaxy NGC 1672 as a template (Fig. 6, right), the iatnaet al. (2005,
2006) data may imply the presence of two minor pseudo spinas @r spurs (note
the dust lanes) that emanate from a nuclear structure ande¢bennect to an under-
lying primary bar. The nested feature is oriented at an afigle~ 70°) consistent
with the distribution of most RR Lyr variables (Fig. 6). RRrlyariables may in
part sample that region which is nearly axisymmetric wHilke pseudo minor spiral
arms connect to a primary bar @ ~ 30°. The angleg as often cited in the liter-
ature may be a mischaracterization or average of two (oriptejtdistinct features
(Fig. 6, bottom left). There lacks consensus on defining haw parameter should
be ascertained from the data (Fig. 6, bottom left.&, a bulk mean, a mean from
tip to tip, a mean for each structugy, and @g — preferred, etc). The observations
of Nishiyamaet al. (2005, 2006) are based on high resolution samplirigit8rvals
from —10° > ¢ > 10° at b~ 1°. By contrast, the data in Fig. 6 (top left) consist
of an admixture of RR Lyr variables at differing (Fig. 1, 2). That complicates
an interpretation of the RR Lyr distribution since a degangremerges owing to
a correlation between distance and Galactic latituzleH(g. 2). For example, the
most distant and deviant point in Fig. 6 (top left) is infetdeom high latitude
bulge variable stars observed through low extinctibon{—5°, Fig. 2). Further-
more, Sumi (2004) remarked that the ratio of total to seleatixtinction may vary
weakly as a function of galactic longitude, increasing frpasitive to negative’ .
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The effect on distances becomes magnified granted the redyiesre inherently
large toward the Galactic bulge and near the plane. AdogtimgpanR, may tend
to produce nearer distances for objects at posifivelative to objects at negative
£. That follows the orientation of the proposed bar. Admilyed that bias is real
it affects the results derived here for the distribution olge RR Lyr variables.

Y (kpc)

Fig. 7. A compilation of results from studies of red clumprg&exhibits unsatisfactory scatter. At
increasing distance from the Galactic center the red cluiaptg (black dots) may be sampling spiral
features in the young disk. HIl region are symbolized by redrocircles. The upcoming VVV
survey shall bolster statistics in the under-sampled foguadrant (Minniteet al. 2010).

The red clump giant observations of Nishiyaetial.(2005, 2006) were adopted
verbatim and yet the seminal nature of the implied resultatleas rigorous scrutiny.
Indeed, the reader should know there are countless conasmeith all distance
candles. For example, a compilation of results for red clgmpts observed toward
the Galactic bulge exhibits unsatisfactory scatter (FjgThe scatter at increasing
distance from the Galactic center is exacerbated from Samgpiral features in the
young disk (Fig. 7). A separate overview of the conclusisamifvarious red clump
giant studies is given in Section 2.2 and Table 1 of Vanhelelet al. (2009). The
interpretation and evidence presented by Stastell. (1994), Rattenbungt al.
(2007), and Cabrera-Lavees al. (2008) should likewise be considered.

A face-on perspective of the Milky Way (Fig. 8) is now asseadbirom cata-
loged RR Lyr variables (Collinget al. 2006), red clump giants (Nishiyane al.
2005, 2006), classical Cepheidsd, Szabados 1977, 1980, 1981, Berdniledal.
2000), young open clusters (Diasal. 2002, Mermilliod and Paunzen 2003), Hll
regions and molecular clouds (Het al. 2009). Classical Cepheids, young open
clusters, HIl regions, and molecular clouds trace the MilMay’s younger spiral
arms (Walraveret al. 1958, Bok 1959, Kraft and Schmidt 1963, Tammann 1970,
Opolski 1988, Efremov 1997, Majaessal. 2009a, 2009b). An over-density of HIl
regions and molecular clouds are observed near the iniendmttween the reputed
bar and young diskX,Y ~ 1.5,4 kpc] (Fig. 7). Interestingly, the Sagittarius-Carina



Vol. 60 65

Y (kpc)

15F

T

20F

X (kpc)

Fig. 8. Face-on view of the Milky Way as delineated by bulgelRRvariables and red clump giants
(red), classical Cepheids, young open clusters, HIl regiand molecular cloudd.eft, illustration
without molecular cloudsRight, illustration without HIl regionsBottom data flipped and mirrored
to provide perspective.

arm may emanate from that region since it in part stems ordh@sfrom/ < 35°
rather than/ ~ 50° (Majaesset al. 2009a, 2009b, see also Fig. 5 in Russeil 2003).
Superposed logarithmic spiral patterns ineptly charaedistinct features near
the Sun, particularly segments of the putative Orion spuramal and Sagittarius-
Carina arms (Russeil 2003, Majaexsal. 2009a, 2009b, Hoet al. 2009). Added
flexibility is needed to consider spurs, and spiral armstiextge, branch, twist un-
expectedly, and exhibit a degree of flocculence. Such featare common amongst
a sizeable fraction of the Universe’s galaxies, while perigrand-design spiral
patterns are less prevalent (browse the Atlas of Galaxigsataxy Zoo Project,
Sandage and Bedke 1988, Raddéatkal. 2009). Indeed, the commonly espoused
scenario of the Sun within a spur indicates that such featare likely not unique,
and exist elsewhere throughout the Galaxy. More work is edéere, and a holis-
tic approach that integrates RR Lyr and red clump giant patrs into analyzes
of the Galaxy’s overall structure may facilitate an interation.

Complementing the edge-on illustration of the Milky Way plesyed earlier
(Fig. 1), 2MASS IR observations imply that the Milky Way ekl a peanut
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shaped bulge (Fig. 6, see also Weilatdl. 1994). That profile is argued by fellow
researchers to indicate a bar seen edge-on (Chung and B20€dy and refer-
ences therein). Conversely, the morphology of the Galdmtige appears some-
what spherical in optical images (Gaposckin 1960, Brunred @apissier 2009,
Mellinger 2009). However, the bulge assumes a peanut-Bkargptry once anoma-
lous extinction across the Aquila Rift is accounted for &tyset al.2003, Majaess
et al.2009b, and references therein). Readers are encourageaiétate CO mark-
ers tied to molecular complexes in Aquila and Lupus with theesponding dark
rifts in A. Mellinger’'s photographic mosaic of the GalaxyeésFig. 6 of Damest
al. 2001).

Fig. 9. A reprocessed cropped portion of the 2MASS mosaiteMilky Way (Cutriet al. 2003).
The Galactic bulge exhibits a peanut-like morphology.

3. Summary and Future Research

In this study, RR Lyr variables cataloged by Collinge, Suand Fabrycky
(2006) from the OGLE survey were used to determine the distémthe Galactic
center, to map extinction throughout the sample, and tditi@e an interpretation
of the Milky Way’s structure.

The implied distance to the center of the GalaxyRg= 8.1+0.6 kpc. An
accurate determination d®; is hindered by countless sources. It is insightful to
examine a sample’s distribution in position, magnitude]j artinction space, to
assess how the mean distance to a group of variable stargeatbte the direction
of the Galactic bulge relates & (Fig. 1, 2, 5). Extinction imposes a preferential
sampling of stars toward the near side of the bulge. Conselyua mean distance
inferred from that restricted subsample shall promote Emahlues ofRy. The
effect is particularly acute for RR Lyr variables near theldgéc plane p ~ 0°,
Fig. 2), where excessive extinction increases the magaitbeshold needed to
adequately sample the bulge beyond the limit of the survey. & 5). Further-
more, the supposed presence of a Galactic bar may bias &stiofédry depending
on which bulge region(s) are sample@®, shall be systemically too large if in-
ferred solely from bulge stars at negativethat may outline the far side of the
reputed Galactic bar (Fig. 6). Caution is warranted whererdaiming Ry from
groups of stars exhibiting poor statistics and samplingt&dhregions of the bulge.
Additional concerns persist regarding an ambiguous etitindaw for bulge stars
(important, Goulcet al. 2001, Udalski 2003, Rufflet al. 2004, Sumi 2004, Kun-
der and Chaboyer 2008), an uncertainty in the LMC’s zerotpeimch is implicitly
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tied to theVI-based reddening-free distance relations employed heébsdG 2000,
Freedmaret al. 2001, Benedicet al. 2002, Tammanret al. 2003), an ongoing
debate surrounding the contested effects of metallicityJepheid and RR Lyr
variables (Udalsket al. 2001, Freedmaat al. 2001, Feast 2003, Smith 2004, Mot-
tini et al. 2004, Pietrzpskiet al. 2004, Romaniell@t al. 2005, Sollimaet al. 2006,
Macri et al. 2006, Bonoet al. 2008, Scowcrofet al. 2009, Romaniellet al. 2008,
Majaesset al. 2008a, Catelan 2009, Majaestsal. 2009a, 2009c¢, Majaess 2009d),
the effects of photometric contaminatiang, blending and crowding) on distances
computed to variable stars (Stanek and Udalski 1999, Mekhej al. 2000, 2001,
2002, Macri 2001, Freedmaat al. 2001, Vilardellet al. 2007, Smithet al. 2007,
Majaesset al.2009c¢), and floating photometric zero points owing to thédalifties

in achieving standardization, particularly across a rangmlor (e.g, Turner 1990,
Stetsoret al. 2004, Sahat al. 2006, Joneet al. 2008). The author suggests the
evidence indicates thatl-based RR Lyr and Cepheid distance and period—color
relations are relatively insensitive to metallicity, atdi$ by consequence, that the
distance offset observed between metal-rich and metalgassical Cepheids oc-
cupying the inner and less crowded outer regions of remdexigs arises primar-
ily from other source(s) (Majaes al. 2009¢, Majaess 2009d, see also Udalski
et al. 2001, Pietrzfaski et al. 2004, Bonoet al. 2008). Readers are encouraged
to also consider the dissenting views and varied interpogta presented in the
works cited earlier. Firm constraints on the effects of rieity, and hence crowd-
ing and blending, may arise from a direct comparison of RR\aniables, type

Il Cepheids, and classical Cepheids at a common and conyedyatearby zero
point (e.g, SMC, IC 1613).

The sample of RR Lyr variables do not trace the signaturesppbminent bar
or triaxial bulge oriented ap~ 25° (Fig. 2, 6), as noted previously (Alcoek al.
1998, and references therein). The stars exhibit a moregraxigetric distribution
and may outline, in part, a nuclear structure (Fig. 6). A atarfit interpretation is
complicated by the admixture of RR Lyr variables at varyiadpgtic positions. By
contrast, younger red clump giants may delineate a neaifyammetric nuclear
structure (py ~ 70°, Fig. 6) nested within a primary Galactic baps(=~ 30°). Yet
there are pertinent concerns with the aforementionedprégation, and that found
in the literature (Section 2.4, Fig. 6 and 7). First, a cowin of results from sev-
eral studies on red clump giants exhibits considerabldescggig. 7). The scatter
at increasing distance from the center of the Milky Way arisartly from sampling
spiral features in the young disk (Fig. 7). Thirgl,as currently cited in the litera-
ture may be a mischaracterization or average of two (or pieltidistinct features
(e.g, ov and @g, Fig. 6). The structure of the Galaxy’s inner region may be to
complex to be ascribed a single linear term or angl@=ig. 6). Lastly, curiously,
extinction in the region of 5< ¢ < 10° as inferred from RR Lyr variables is not
anomalous, as otherwise expected if observing through sedbick bar delineated
by red clump giants (Fig. 2, 6).
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Edge-on and face-on illustrations of the Milky Way are camsted by map-
ping the OGLE RR Lyr variable sample in tandem with catalogeti clump gi-
ants, planetary nebulae, globular clusters, classicah@eép, young open clusters,
HII regions, and molecular clouds (Fig. 1, 8). An abundanicEllb regions and
molecular clouds are observed near the boundary betweeapheed Galactic bar
and young diskX,Y ~ 1.5,4 kpc] (Fig. 8). Moreover, the Sagittarius-Carina spiral
arm may in part originally stem or branch from near that regieig. 8).
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Fig. 10. RR Lyr variables follow/| period—color and Wesenheit period—magnitude—colorimat
(e.g, RRe— RRab variables in the globular cluster IC 4499, photometoynf Walker and Nemec
1996). The cluster’s distance and mean color-excesgrare M) = 16.40+ 0.04 mag (sd) and
Eg_v = 0.27+0.03 mag (sd). Note the minimal internal scatter.

A VI-based RR Lyr period—reddening relation derived here meadfithat ex-
tinction throughout the bulge is highly inhomogeneous,ywvay from Eg_y ~
0.4 — 3.4 mag (Eg. 1 and Fig. 2). RR Lyr variables, red clump giantd, @dassi-
cal Cepheids provide consistent reddenings for the Galbatge, LMC, SMC, and
IC 1613 (Table 1). Th&I RR Lyr color excess relation appears relatively insensi-
tive to metallicity and may be further refined by obtaininglthband photometry
for variable stars in globular clusters.¢, Sawyer 1939, Demers and Wehlau 1977,
Laydenet al. 1999, Celmengt al. 2001, Pritzlet al. 2003, Horne 2005, Beriket
al. 2006, Samuet al. 2009). A sizeable portion of the observing program at the
Abbey Ridge Observatory (Majaessal.2008b, Turneet al. 2009c¢) shall be ded-
icated to such an endeavor. Modest telescopes may servéirgeperole in such
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research (Percy 1980, 1986, Szabados 2003, Rakz2006, Geneét al. 2009,
Turneret al.2009a).

RR Lyr variables followVI period—color and scatter reduced Wesenheit period—
magnitude—color relations as demonstrated here and edéseiiiovacs and Jurcsik
1997, Kovacs and Walker 2001, Soaskiet al.2003, Di Criscienzo, Marconi, and
Caputo 2004, BertkBakos, and Nuspl 2006, Di Crisciengbal. 2007, Soszfyski
et al.2009, Majaess 2009d). A pertinent example is the RR Lyr deapdtc in the
globular cluster IC 4499 (Fig. 10, photometry from Walkedatemec 1996). The
Wesenheit function may be inferred with@upriori knowledge of the color excess,
and the distances ensue. Indeed, the Wesenheit functidibstraadily employed
upon the release of data from the upcoming Gaia survey sirecestation may be
calibrated directlyia parallax and apparent magnitudes, mitigating the propaga-
tion of uncertainties tied to extinction corrections (Gasono 2003a, Eyer 2006,
Eyeret al. 2009). In the interim, however, further work is needed taifinize the
Wesenheit approach to investigating RR Lyr variables, anshift from a broad
outlook to assessing finer detaitsd, is the relation marginally non-linear, particu-
larly toward the RRe regime, etc). Applying a strict [Fe/lN]- correlation to infer
the distance to individual RR Lyr variables with differingniods may yield inaccu-
rate results. The [Fe/HM, relation displays considerable spread at a given metal-
licity (Fig. 1, Pritzlet al.2000). Abundance estimates often exhibit sizeable random
and systemic uncertainties, in contrast to individual atitsn periods. Moreover,
the correlation is neither linear or universald, NGC 6441 and NGC 6388, Pritzl
et al. 2000, Bono 2003b, Catelan 2009). Applying a strict [Fe/M]—relation to
RR Lyr variables with differing periods at a common zero pairay yield an ac-
ceptable mean distance pending a series of ideal circusegamcluding where
the overestimated distances for shorter period varialales sierfectly balance the
underestimated distances of longer period variable stegs¥ajaesset al.2009c,
although remedied in Majaess 2008d a reddening-free period—magnitude—color
treatment). Admittedly, the aforementioned relation igainable in assessing the
abundance of a target population to first order, etc. Yettlaee also innumerable
advantages to employing Wesenheit and period—magnitlatéorss to characterize
RR Lyr variables (see also Bono 2003b, Dall'@taal. 2004, 2006, 2008, Catelan
2009).

Lastly, geometric-based distances to the Galactic celBise(haueet al. 2005,
Reidet al. 2009), nearby variable stars (Benedittal. 2002, 2007, van Leeuwen
2007), open clusterse(g, Turner and Burke 2002, Soderbloet al. 2005, van
Leeuwen 2009), globular clusters.g, w Cen, van de Veret al. 2006), and the
galaxies M33 and M106 (Argoet al. 1998, Brunthaleet al. 2005, Herrnstein
et al. 2005): appear to in sum bolster and consolidate the scadblestted by
Cepheids and RR Lyr variables (Maeti al. 2006, Sarajedinét al. 2006, Majaess
et al. 2008a, Feastt al. 2008, Feast 2008, Groenewegsral. 2008, Scowcrofet
al. 2009, Majaesst al. 2009a, 2009c, Majaess 2009d, Turner 2010). Yet a signif-
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icant challenge remains to identify and then mitigate theeutainties beyond the
7-10% threshold, beyond first order.
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