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Abstract.  The high Galactic longitude end of the Aquila Rift comprisles large
Aquila molecular cloud complex, however, few young stas latown to be located
in the area, and only one is directly associated with the Riftcontrast, the Serpens
star-forming region at the low Galactic longitude end of Ri& contains hundreds of
young stars. We review studies of the raw molecular materidl describe searches
for young objects in the Aquila clouds. The characteristitthe known young stars
and associated jets and outflows are also provided. Fivedl\suggest some possible
explanations for the dearth of star formation in this gas-region and propose some
future observations to examine this mystery further.

1. Introduction

The Aquila Rift forms a great mass of dark clouds along the memMilky Way
through the constellations Aquila, Serpens, and eastehiu®ipus. Large scale plates
several degrees in diameter show almost a continuum oftisegtkground stars along
the Galactic plane with dark patches of nearly starless eibns superimposed (e.g.,
Figure 1). This structure is silhouetted in the ifnages of Madsen & Reynolds (2005)
and reflected in the H | map of Kawamura et al. (1999). Curigusl spite of the
resemblance of these dark clouds to other nearby, low-ntasgosming regions, few
young stars have been identified in the eastern (higher Galaagitude) portion of
the Rift. By contrast, the western portion of the Aquila Rifintains the well-known
Serpens star-forming region, near Galactic longitudé B0t substantially above the
plane at a latitude o£5°.

In this paper we briefly review the results of millimeter antsillimeter surveys
that include the eastern Aquila clouds (Section 2), desdtile interesting characteris-
tics of the region’s known young stars (Section 3), dischesest estimates for clouds’
age, distance, and relationship with the known young statise area (Section 4), and
speculate as to why much larger numbers of young stellactsxge not known to pop-
ulate the region (Section 5). In Section 6 we propose a nuwftgatential observations
to determine better Aquila’s star formation propertiesthiis chapter we will focus on
the high Galactic longitude Aquila dark clouds. We will thaske a distinction be-
tween “Aquila”, by which we mean the region within a few deggeof the Galactic
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Figure 1. A visible light panorama of a portion of the first &atlc quadrant of
the Milky Way taken by A. Mellinger (de Cicco 1999). The AquiRift is the dark
structure oriented diagonally across the image.
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Figure 2.  Broad features of the10 to +20 km s~! CO emission in the first
Galactic quadrant. The approximate locations of the knoaumyg stars in Table 1
are indicated with asterisks. The location of the early tgpepens star MWC 297
(I =26.80° andb = +3.53°) is also marked. Plot from Dame & Thaddeus (1985).

plane located approximately between Galactic longituiesand50 ©, and the larger
“Aquila Rift” cloud structure (see Section 2).

2. The Raw Materials: Millimeter and Submillimeter Surveys

The initial Galactic plane CO survey of Dame & Thaddeus (398éntified the salient
features of the Aquila Rift and established a connectiow®en the dark nebulae and
the molecular clouds in the region. Subsequent improvesnenthe initial survey
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(Dame et al. 1987, 2001) increased the sensitivity by mane éfactor of 10, increased
the coverage of the CO observations from até a 10° strip in Galactic latitude,
and increased the angular resolution to°1/& Galactic coordinates, the Aquila Rift
stretches from 20 to 40° in longitude and—1° to 10° in latitude, as demarcated by
CO and 21 cm HI (Dame et al. 2001; Figure 2).

The molecular mass of the Aquila Rift as determined from C®eolmtions has
been estimated to be between 2105 Mg and 2.%10° M, (Dame & Thaddeus
1985; Dame et al. 1987; Straizys et al. 2003). Using the cutde line widths and a
uniform density sphere approximation, Dame & Thaddeusutatie the virial mass of
the Aquila Rift to be 2.6:10° M. The virial mass is then about the same as or slightly
greater than the observed mass, depending on the paramstersn the H gas mass
estimates, particularly the cloud distance and therefzeeand density. The relation-
ship between the virial mass and the observed mass reflecttahforming potential
of these clouds because, if the virial mass dominates, thelds dynamically unstable
and unlikely to form stars (e.g., Solomon et al. 1987). Tfess the ambiguity in the
measured mass of the Aquila Rift is important to follow uphaadditional millimeter
observations and improved distance measurements.

The Aquila Rift consists of numerous small and large clouasny of which have
been identified and tabulated by Lynds (1962). Unfortugatble Lynds coordinates
are sometimes so uncertain that it is not clear which cloeyg thfer to. Dobashi et al.
(2005) have performed an extinction study of the Galac@m@lusing automated star
counts, and they offer a list of clouds with finding charts andurate coordinates.

Kawamura et al. (1999) usédCO observations to search for molecular clouds
in the region to the Galactic south of the Aquila Rift. Altlghuthey identified dozens
of small clouds, possibly dynamically connected to the,Ridt correlation with stellar
ITRAS point sources was apparent. Kawamura et al. (2001) focumsete region
in the immediate vicinity of the T Tauri star HBC 294 (V536 AqiThey detected a
ring shaped cloud if?CO ( = 48.1°, b = —6.3°), also seen in the Dame et al.
(2001) survey, containing about 430:Mf gas, five'*CO cores, and three'@0 cores.
However, no candidate young stellar objects, as indicagedidA S fluxes, were found.
Complementary objective prism observations did detect arehhission line object,
which may be a young star, near the dark cloud LDN 694 (Kawarstial. 2001).

Harvey et al. (2003) studied the properties of the candigedéostellar collapse
core Barnard 335 in millimeter continuum and compared tliaga with prior obser-
vations of the core in CS (Wilner et al. 2000) and in NHBenson & Myers 1989; see
also the chapter by Reipurth on Bok globules). This coredatied only a few degrees
from the molecular ring seen by Kawamura et al. (2001) andssaated with the dark
cloud LDN 663 (see Figure 6 in Kawamura et al. 2001).

Additional millimeter and submillimeter surveys have beenducted, using both
line and continuum emission, to search for signs of densecuntdr and possibly pre-
stellar cores in the Aquila Rift region. Anglada et al. (1pftussed on NH in areas
where outflows had been previously detected in optical lagitt in molecular lines.
Morata et al. (1997) observed CS in the region near the outfiovthe filamentary
dark cloud, about 15north of the prominent T Tauri star AS 353 (Section 3.7). Thei
strongest detection of CS coincides with the location ofidué cloud, LDN 673 (Lynds
1962; Figure 3). Morata et al. (2003, 2005) analyzed the Issiwa structure of this
region in a multitransitional study including interferotme maps. Kirk et al. (2005)
used submillimeter JCMT observations to study five dark @$oin the area; no pre-
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stellar cores were found in the four Lynds clouds in the semplowever, the object
Barnard 133, located within about a degree of several knooumg stars just off the
southern Galactic edge of the Aquila Rift, is not only a streabmillimeter source but
also harbors an Nkl core (Benson & Myers 1989). Visser et al. (2002) performed a
large 850um survey of LDN 673 and found eight sources, SMM 1-8, some dflware
associated with IRAS sources (see their Figure 20). Mamg-glbmpact HIl regions,
tracers of high mass star formation, are located througtimuAquila Rift (Becker et

al. 1994), however, their distances are ambiguous and theritgaare likely to be
background objects.

Abundant raw material appears to be available in the regitthpugh few cores
harboring active star formation have been identified. Thekieown young stars (Sec-
tion 3) and star-forming cores are almost all scatteredutiinout the small molecular
cloud clumps to the Galactic south of the Aquila Rift. Theteasportion of the Riftis
apparently rich in gas but almost devoid of known star foromafFigure 4).

Figure 3. The LDN 673 cloud complex is highly fractured. Theage is approx-
imately 1 degree wide; north is up and east to the left. Cayrté Bernhard Hubl.
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Figure 4.  An integrated?’CO map of the Aquila Rift, fromv;sg = —30 to
vrsr = +30 km s~!. The high Galactic longitude sector of the Rift, frdraf 33°

to 41° andb of 3° to —2° only contains one known young star, the unusual object
HBC 684, on the lower extreme of the cloud. The Serpens etaming region is
located around ~ 30° andb ~ 5°. Arrows indicate molecular material associated
with known young stars (Table 1). A cross shows the positidPassamian 21.

3. The Known Stars: Visible and Infrared Studies

Several young objects in Aquila have been very well studgection 3.7), but the
remainder of the known young stars have not received muehtath until recently, al-
though Cohen & Kuhi (1979) identified a few of them. Indeeds itot yet known what
the total stellar census may be in the region. Thé (1962)daeveral K emission-

line objects towards Aquila and Scutum, however, followppairoscopy is required
to identify the nature of these detections. The known youngil& stars are listed in
Table 1 and their approximate positions illustrated in Fegu3 and 4.

Rice et al. (2006) have lately completed a high spectralluéea study in the
infrared of all but one of the Aquila stars listed in the Hgrand Bell Catalogue (Her-
big & Bell 1988; HBC). The exception, Parsamian 21, which basn described as a
candidate FU Ori object (e.g., Staude & Neckel 1992), is tilg potential higher-mass
object in Aquila and may in fact actually be a background cb@ ~2 kpc (Section
3.7). The initial goal of Rice et al. was to determine the ahdelocities of the sample
and to search for variability indicative of spectroscopigabies. The study ultimately
revealed a wealth of information about the low-mass targets
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3.1. Stellar Radial Velocities

Radial velocities can be used to strengthen the associatmmng young stars in close
spatial proximity on the sky. Rice et al. (2006) used higéshetion (R~30,000)H -
band spectra of eight of the nine objects listed in Table Iriteoto determine radial
velocities, rotational velocities, and spectral typesyal as to search for radial veloc-
ity variability that would indicate an angularly unresaveompanion. The precision
of the radial velocity measurements was estimated to be 2m Ehe radial veloci-
ties were measured from high signal-to-noise ratio spé&ikR~200-400) and from
spectra typically obtained at multiple epochs. Although yloung stars in Aquila are
spread out over 20° on the sky, the dispersion of the radial velocity measurgémen
made by Rice et al. (2006) is about 2 km's suggesting that the stars formed from
the same molecular cloud complex (e.g., Herbig 1977). Tindasi radial velocities of
AS 353A (average of-11.4 km s! from three epochs) and AS 353B{0.7 kms™!,
from one epoch), along with the common proper motions measoy Herbig & Jones
(1983), indicate that this system is physically relatede @kierage radial velocity for
eight of the objects studied was8.6 km s™!; a ninth object, HBC 682, was signif-
icantly variable in radial velocity and is hence a spectpsc binary candidate. The
vsing rotational velocities of this sample measured by Rice ef(2006) range from
10km s to 50 km s,

3.2. X-Ray Properties

X-ray luminosity in young stars is thought to be thermal esiois from gas heated
by magnetic reconnection events between the magnetic figheestar and that of the
circumstellar disk. Surveys of nearby star-forming regicgveal dozens or hundreds of
X-ray sources, associated mainly with weak-line T Taumss{geigelson & Montmerle
1999 and references therein). Queries of R@SAT Chandra, and XMM/Newton
archives using HEASARC reveal only two sources within 5 ancites of any of the
coordinates listed in Table 1. Both of these sources weradfon the ROSATAII-
Sky Survey (RASS) Faint Source Catalog (Voges et al. 2000).RASS sources
were observed for an average-~0500 seconds and with a detection limit of 6 photons
(Belloni et al. 1994). One detected source near the youmg istadquila lies within 1
arcminute of FG Agl/G1, FG Aql/G2, FG Agl/G3, and FH Aql, atetsecond source
is about 3 arcminutes from HBC 684. Both of these sources haveéness ratios
consistent with that of known T Tauri stars (e.g. Neuhawdeal. 1995, Kastner et
al. 2003). The only Chandra observations near any of theeTaldbjects are more

Table 1.  Known Young Aquila Stars

Object HBC RA (J2000) DEC 1,b(°,°)  SpTy Vmag
FG AqIiG1 681 1902222 053620 29.17,4.98 K5  13.7
FG AqliG3 .. 1902226 -053622 29.17,4.98 MO 155
FG AqliG2 682 190222.8 —053615 29.18-4.98 K5 13.6
FH Agl 683 190223.2 —053637 29.17-4.98 K7 155
IRASL9046+-0508 684 190709.8 +051310 39.37-1.11 K5 155
AS 353A 202 192031.0 +110154 46.05-1.33 K5 125
AS 353B 685 192031.0 +110149 46.05-1.33 MO  14.6
Parsamian 21 687 192900.7+093839 4582-3.83 F5  14.2

V536 Aqgl 294 193857.4 +103016 47.75-5.57 K7 14.9
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than 30 arcminutes away, and the nearest XMM/Newton obsenva more than 70
arcminutes away.

3.3. Extinction

Typical stellar extinctions found by Rice et al. (2006) rarigpm A, ~ 0 — 4 magni-
tudes. Based on tHBMASSIHK magnitudes, these represent interstellar extinction t
the scattering surface of the stellar system (i.e. circaltastdisks and shells) and may
underestimate the total extinction to the stellar photesplin the presence of circum-
stellar material (e.g., Section 4.2, Prato et al. 2003) elmegal, the values of interstellar
extinction to the Aquila young stars are consistent withtjtpécal values found for the
region’s molecular clouds, suggesting a similar distaritlke dust maps of Schlegel
et al. (1998) indicate an upper limit on the extinction in thguila Rift of A, ~ 5
magnitudes (Drew et al. 2005). Dobashi et al. (2005) find maxn extinctions along
the Aquila Rift of 5-10 magnitudes. The photometric study~a500 stars by Straizys
et al. (2003) suggests a maximun, of about 3.0 magnitudes throughout the Rift and
a distance to the front edge of the clouds of 2255 pc (Section 4.1).

3.4. Multiplicity

The multiplicity among the few known young Aquila stars agsecomparable to that
of Taurus, the nearby star-forming region with the highesaty fraction (e.g., Ghez
et al. 1993; Simon et al. 1995). For the nine systems list&@bie 1, there are a total
of at least 14 primary and companion objects. HBC 681 and H&Cvéere identified
as visual binaries by Rice et al. (2006) for the first time. HE82A is also a candidate
spectroscopic binary (Rice et al.). The HBC 294 system is @k subarcsecond
binary (Ageorges et al. 1994) and AS 353 a known hierarchiigaé (Tokunaga et al.
2004).

3.5. Circumstellar Disks

Most of the objects in Table 1 lie in the region of thed vs. H—K color-color diagram
characterized by an IR excess (Figure 5), indicating thediikod of abundant circum-
stellar disk material in these systems. In particular, Fidgushows that AS 353A and
HBC 687 (Parsamian 21) both leelowthe classical T Tauri star locus. This may be
an indication of abundant reflected light from circumsteiteaterial. Parsamian 21 is
probably a background FU Ori type object with an unusuallyssie disk (Staude &
Neckel 1992). The circumstellar disk of AS 353A has been-sieitlied; this system
is one of the most active and visually bright T Tauri starsvinde.g., Tokunaga et
al. 2004 and references therein). HBC 684 is a unique emidisie object, possibly
surrounded by a massive disk. It is by far the reddest objeable 1. FG Aqgl/G1,
FG Agl/G2, and V536 Agl all exhibit the ordinary behavior déssical T Tauri stars
with ongoing accretion from a circumstellar disk. In sumyndike the multiplicity
fraction, the circumstellar disk fraction of this group ¢&rs is relatively high com-
pared to other nearby star-forming regions. Several ofetlsgstems are discussed in
detail in Section 3.7.

3.6. Herbig-Haro Jets and Outflows

Herbig-Haro flows are signposts of recent star formatiom, @uey are thus of great
interest in identifying very young stars. A detailed disios of HH flows and their
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energy sources can be found in Reipurth & Bally (2001). WlHilke Aquila clouds
are too large to have been fully surveyed by CCD images, tlmra Schmidt plates
have been examined and CCD images have been obtained aisegmund the known
young stars. As a result, a number of HH objects are known inilAgand they are
discussed individually below.

HH 32 from AS 353A HH 32 is a bright HH object originating in AS 353A; it was
discovered by Herbig (1974). It consists of two main bow &isptiH 32A and 32B.
HH 32 is a high-excitation HH object for which optical spesitopy has been re-
ported by Dopita (1978), Brugel, Bohm, & Mannery (1981aHb¢rbig & Jones (1983),
Solf, Bohm, & Raga (1986), and Hartigan, Mundt, & Stocke8@p Ultraviolet spec-
troscopy was reported by Bohm & Bohm-Vitense (1984) and ékal. (1988). HH 32
is one of the rather rare red-shifted HH objects, and thelagiocity measurements,
combined with proper motions determined by Herbig & Joné&88) and Curiel et
al. (1997), show that it moves away from AS 353A with a spadecity of about
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Figure 5. J — H versusH — K color-color diagram for the objects in Table 1.
Magnitudes are froBMASSand the error bars represent the propagated photometric
uncertainties reported in the that catalog. The dash-deséparates objects with (to
the right) and without IR-excess. The cTTs (solid line), dWdotted line), and giant
(dashed line) loci are the same as in Figure 4 of Prato et @3 ®t transformed

in to the2MASSmagnitude scale using equations from Carpenter 2001. Teetef

on observed color of 5 magnitudes of visual extinction igespnted by the arrow
(thick line), using the equation derived by Prato et al. 2003
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300 km s! at an angle of about 70to the plane of the sky. The fine details of this
HH flow are seen in the HST images of Curiel et al. (1997; Fidhre Beck et al.
(2004) obtained an integral field unit data cube for HH 32yjging the hitherto most
detailed spectroscopic and kinematic study of this HH flohede data were modelled
by Raga et al. (2004) in terms of the internal working surfanmelel. Mundt, Stocke,
& Stockman (1983) found a third flow component, HH 32C, on thpeasite side of AS
353A with high blue-shifted velocities, indicating that Fa2 is a bipolar flow.

Edwards & Snell (1982) observed high-velocity CO emississoaiated with AS
353A and the HH 32 flow. HH 32 is one of the few HH objects det@atethe radio
continuum (Anglada et al. 1992, 1998). It also emits in tHeaned H, lines (Davis,
Eisloffel, & Smith 1996, and references therein). Davigalet(1996) report three faint
HH knots, HH 332, about an arcminute south-west of HH 32, mitam the well-
defined flow axis of HH 32. Tokunaga et al. (2004) argue thatdhare likely to be
part of an earlier precessing flow component of HH 32, sinesflthw is significantly
foreshortened, so a small angle in flow direction projects mouch larger angle on the
sky.

Figure 6. AS 353A and B together with the bipolar HH 32 flow asrswith the

HST. The young stars have created a wind-blown cavity irr thetial cloud, seen in
reflected light. Composite image from RodA[NI1], and [SII] images. From Curiel
etal. (1997).

HH 250 from IRAS 19190+1048 About 14 arcminutes southeast of HH 32, Devine,
Reipurth, & Bally (1997) discovered a rather bright compaeitv shock facing away
from the embedded IRAS source 19190+1048. Another fainkékibt is found closer
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to the source, and two diffuse reflection nebulae surrouadgtiurce. The energy dis-
tribution of the IRAS source suggests that it is a Class labje

RNO 109 Within the cloud LDN 673, Armstrong & Winnewisser (1989) cefed
the discovery of a molecular outflow associated with a smetblufosity, RNO 109, a
feature associated with the IRAS point source 1948016 (Cohen 1980) and having
colors characteristic of a probable embedded young staligct. Coordinates for this
object are poorly defined and no spectra are available irtdrature. Thus, we do not
include RNO 109 in Table 1. Another nearby source, IRAS 1918014, also drives an
outflow (Visser et al. 2002). This region is only a few degrigem the AS 353 system
and located within the same molecular cloud condensatigu& 3). The outflow was
observed in CO an#CO and extends over X5 square arcminutes. Morata et al.
(1997) observed this outflow in CS gas, and Anglada et al. {LBONH ;.

HH 119 The Bok globule B335 is associated with HH object 119 (e.gipRrth et al.
1992). This system is discussed in depth in the chapter orgRddules by Reipurth.

HH 387 Hirth et al. (1997) first identified HH 387, associated witk ubarcsecond
binary V536 Agl (Section 3.7), as a small jet with a8 arcsecond extent and PA
of 90°. Mundt & Eisloffel (1998) confirmed their findings and, imag the system
in [SIl], identified knots in the jet as far as 16 arcsecondsyaat a PA of 110. A
very faint counter jet is suggested in the data of Mundt & d&fel that requires further
confirmation.

HH 221 A very small jet-like feature is present along the polar afishe conical
nebula associated with Parsamian 21 (Staude & Neckel 1988yever, it is unlikely
that this object is a true Aquila member and is more probabéydistance of-2 kpc.

3.7. Notes on Individual Stars

AS 353 By far the best known young star in the Aquila region is AS 3Big(re 6),
originally discovered by Merrill & Burwell (1950), and latendependently in the sur-
vey of Iriarte & Chavira (1956). The associated outflow, HHi82liscussed in Section
3.6. Given the brightness (V12.5) of AS 353, it can be studied in great detail. Herbig
& Jones (1983) provided the first detailed discussion of thesgion line spectrum of
AS 353A, and Mundt, Stocke, & Stockman (1983) presented-heégblution Hv and
sodium doublet spectra, documenting the massive, higheigl neutral wind of the
star. Further echelle spectra demonstrated that thetdfile shows significant vari-
ability (Hartigan, Mundt & Stocke 1986). In their study of A53A, Bohm & Raga
(1987) presented spectrophotometry from 3,20t 10,000A and noted the strong
ultraviolet excess of the star. In a subsequent and mordatetudy, Eisloffel, Solf,
& Bohm (1990) presented fluxes of all emission lines in alibatsame spectral range
but with higher spectral resolution. AS 353A has been partusherous optical spec-
tral studies of T Tauri stars since then, including Hamanne$sBon (1992), Hamann
(1994), and Edwards et al. (1994). In the near-infraredorgghS 353A shows the 2.3
um CO band in emission (Carr 1989; Biscaya et al. 1997; Pra&d. 2003; Rice et
al. 2006) as well as other emission lines (e.g., Davis et @032Prato et al. 2003).
The stellar continuum is so heavily veiled that a photosplsgrectrum cannot be easily
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seen, although Basri & Batalha (1990) suggested a spegpalaf K2. Recent multi-
epoch high-resolutior{-band spectra revealed the stellar photospheric featdras o
K5 spectral type star (Rice et al. 2006).

AS 353A displays considerable photometric variabilityg(eFernandez & Eiroa
1996). Its near- and mid-infrared photometry is summarlzg®ice et al. (2006) and
Molinari, Liseau, & Lorenzetti (1993). IRAS observation® aiscussed by Cohen &
Schwartz (1987), sub-millimeter observations are replomeReipurth et al. (1993),
and centimeter data are given by Anglada et al. (1998). A&368ns a triple system
with the less well-studied AS 353B, a weak-line T Tauri staraby of separation 0.24
arcseconds (Tokunaga et al. 2004).

HBC 684 HBC 684 is a spectacularly peculiar object. No photosphalisorption
lines were detected even in high-dispersiénand K -band spectra, but it was possible
to measure a radial velocity, consistent with the other Rgyoung star velocities,
using the pure atomic metal emission spectrum observedisnotiject in threeH -
band epochs spanning more than a year (Rice et al. 2006). Assiemline spectrum
was also observed in visible light two years after the ifdaobservations, revealing
a broad P Cygni H profile with a~200 km s~! absorption trough. HBC 684 is
the most extinguished Aquila object known and shows one @fsthongest infrared
excesses (Figure 5); it is coincident with the IRAS sourd@463-0508. The line ratios
in emissionare consistent with a K5 spectral type object. Rice et al0o§2@rovide a
detailed discussion of this object and speculate as to thmaf its unusual spectrum.

HBC 294 Ageorges et al. (1994) first discovered HBC 294 to be a binatly an
0”52 separation at a position angle ofL7HBC 294 is a typical, classical T Tauri
star, with Bry and P& emission detected in near-infrared spectra, &hd forbidden
emission lines seen in visible light, and a near-infrarezkss, all indicative of accretion
from a circumstellar disk and disk-driven outflows ass@&daith at least one of the
stars (Rice et al. 2006; Hamann 1994). TRASPSC flux measurements of HBC 294
(IRAS 19365+1023) reveal even greater mid- to far-IR flutemtthose of AS 353A
at all but 100um (Weaver & Jones 1992). The lower 1p@n flux suggests that the
disk(s) may be truncated by the binary.

Parsamian 21 Parsamian 21, or Par 21, was initially identified by Parsarl®65)
from the Palomar Sky Survey plates during a search for cagne&bulae. Dibai (1969)
identified the associated star as type A5V, and Cohen (19%88reed the system in the
mid-infrared and founaV- and@-band magnitudes of 3.7 and 1.4, respectively. Itis as-
sociated with the source IRAS 19266+0932. Digital sky syiplates show an unusual
and complex nebulosity. If this represents half of a conibaolar structure, a high
degree of obscuration must block the unseen portion of thelae Neckel & Staude
(1984) concurred with the A5V spectral type designationyéwer, in a later paper
(Staude & Neckel 1992), they identified FU Orionis charasties in the spectrum of
Par 21 and re-classified the type as F5lab. The visible liggttsum of the photosphere
is characterized by broad absorption lines and in parti@uf@ominent P Cygni profile
with an absorption trough of widtk450 km s~! (Greene, Aspin, & Reipurth 2008).
Evidence in the form of 1.3 mm emission (Henning et al. 19p8)minent disk-pattern
polarization (Draper et al. 1985), strong near- and midairgfid excesses (e.g., Cohen
1974), and water ice absorption and crystalline silicatession (Polomski et al. 2005)
point to the presence of a massive circumstellar disk. Gikerluminosity of this sys-
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tem, it is unlikely to be located in Aquila and is most prolyasit a distance of 1.8 kpc
(Staude & Neckel 1992).

4. Putting It All Together

4.1. Distance

For the AS 353 system in Aquila, Prato et al. (2003) adoptedtarnte estimate of 150
+50 pc. Earlier estimates for the distance to the Aquila Rifige from 110 pc (Weaver
1949) to 150 pc (Edwards & Snell 1982) to 200 pc (Dame & Thadd€85). Herbig &
Jones (1983) estimated the distance to LDN 673 to be 300 poa@ed that LDN 673
is foreground to “the very extensive Aquila obscuratioffithie Aquila young stars are
indeed associated with the Aquila Rift and are thereforeneoted with the Serpens
region, then the distance of Serpens is also germane. Wn#dgly, this number also
has a history of uncertainty. Racine (1968) and Strom efl@l74) estimated a distance
of 440 pc to Serpens through studies of the star HD 170634 goups determined an
early spectral type, B7V and A0V, respectively, and appéesinall reddening correc-
tion, based respectively on visible and infrared light,eak the distance modulus. De
Lara et al. (1991) combined infrared photometry and visliglet spectroscopy of five
stars in Serpens, yielding an improved average distancellmdnd a distance of 311
pc. Recently, Straizys et al. (2003), using two-dimernaigghotometric classification
of stars in the seven-color Vilnius system, estimated adg# of 225+55 pc. Eiroa
et al., in the chapter on Serpens, adopt a distance oft2Z&0pc to the Serpens region.
This appears to be based on a rough average of recently desbees, including un-
published estimates from 2MASS data and associated extisct\WWe note that recent
distance determinations to Serpens are not only droppirgare also converging with
estimates for the Rift in general, and for the Aquila youreysspecifically. For now
we adopt a distance of 206830 pc to Aquila, as in Rice et al. (2006), and stress the
importance of future observations to determine this gtyaaticurately (Section 6).

4.2. Age

A number of indications point to a young age for the Aquilasténcluding the high
circumstellar disk fraction, the striking Herbig-Harogedriven by several energetic
sources, and the possible association with the Serpeneiclage~1 Myr; Winston
et al. 2005). Based on the evolutionary models of Palla & I8tg1999), Prato et al.
(2003) and Rice et al. (2006) determined ages for the knowamgtars (Section 3)
of at most a few Myr, with the exception of FG Agl/G3 which mag dlder than 10
Myr. Ages derived for this sample from the models of Baraffale(1998) are similar.
Although these stars span a broad area on the sky, theirapm@tely common ages
and similar radial velocities suggest origins in the samedlcomplex.

4.3. Star Formation in Aquila

Molecular maps of the Galactic plane region show that tteat least low-intensity CO
emission at the location of all the known young Aquila stéigyre 4). However, they
are spread out over a large areaX®0 pc, assuming=d200 pc). The CO with which
they appear to be associated is clumpy and filamentary. @ne ate all located below
the Galactic plane while the bulk of gas present in the Aquldad extends along and to
the north of the Galactic plane. Furthermore, there existsnaplex velocity structure
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within the Rift; a velocity break in the CO at abolt= 33° appears to indicate a
demarcation between two distinct sets of clouds (Figurel'i)s break might account
for the double-peaked CO lines seen by White, Casali, & Hjt985).

As shown by Rice et al. (2006; Section 3.1), the rms of the kquibung stars’
radial velocities is only~2 km s—!, suggestive of an origin in cloud cores of similar
velocities. The LSR velocities of the stars fall betweers1&nd 17.5 km s, and
those of the molecular cloud material in closest proximity-a 10 km s=! (Figure 7).
It seems unlikely that these fairly young stars are unrd|atewever additional work
remains in order to understand how the stars are associ#tedaeh other and with the
local molecular material. We discuss some suggestionsufard research in Section
6. One of the major mysteries in this region remains the duestf why there are not
more young stars present. We address this in Section 5.

4.4. Vulpecula and Scutum

Further along the Galactic plane at longitudes 55—63 ° lies the Vulpecula molecular
cloud. Most studies of Vulpecula have focussed on the opgstedl in the cloud, NGC
6823; at a distance of 2 — 2.5 kpc (Massey 1998) only the higher mass stars in this
cluster have been well studied (e.g., Massey et al. 1995ndfet al. (2004) estimate
the age of NGC 6823 at around 3 Myr, similar to the estimatesdiaRet al. (2003) and
consistent with the range~Z Myr, determined by Massey (1998). However, it is not
clear that the open cluster and the Vulpecula cloud are eésdc Dame & Thaddeus
(1985) note that there are two distinct distance scaleshfsrrégion — that of the OB1
association (NGC 6823), 2.3 kpc, and that of the local dugQ0 pc (Neckel et al.
1980). The cluster is likely background to the moleculaudlo

Given the large difference in distance between either tts¢ oiuthe OB1 associ-
ation in Vulpecula and the stars and gas in the Aquila regias,unlikely that there
is any direct relationship between these clouds. Vulpefalla into an interstice be-
tween two Galactic spiral arms, roughly in the direction fté Sun’s motion into the
first quadrant of the Galaxy (Frisch 1998). This providesraddiline of sight to the
high-mass cluster and recommends it for further study.

The Scutum region lies a couple degrees below the Galaetitepjust south of
the Aquila Rift cloud in an apparent hole in the molecular gssociated with the Rift.
The molecular gas velocities of clouds in the direction afitBm, at 40-120 km s~ 1,
are very distinct from those of the Aquila Rift (Dame et al86R Santos et al. (2005)
describe the open cluster, M11 (NGC 6705), at a distanceddtdc, as superimposed
on the Scutum region. Madsen & Reynolds (2005) used hydregession lines to
study the gas in the Scutum region. They conclude that thismas seen, at a distance
of ~6 kpc with only ~3 magnitudes of visual extinction, through a gap in the more
local molecular clouds, and is associated with ionized gdlse inner Galaxy.

5. Where Are All the Young Stars?

Based on the very young ages of the observed stars in Aquithihee abundance of
raw materials for star formation present in the region, gugprising that much larger
numbers of young sources are not found. Why did the initialcbpof star formation
in this region produce so little? The Serpens star-formegan in the western part
of the Aquila Rift is rich with hundreds of young stars (seauier by Eiroa et al.).
At Galactic longitude 33, a distinct shift in the velocity of th&’CO gas appears to
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Figure 7. '2CO maps integrated over 5 knT$ intervals; the top one centered at
5km s—!, the middle one at 10 km's!, and the bottom one at 15 knt$. Note the
velocity break af ~ 33 °. The young stars discussed in Section 3 are all associated
with molecular material with a;,,. ~ 10 km s~! (see also Figure 4).
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demarcate a boundary not only between Serpens and Aquiléebueen young star
rich and poor regions, respectively (Figure 7).

Why is this the case? Particularly striking is the eastemtiquo of the Rift that
harbors only HBC 684 as far as we know. Possibly large numdfgrsunger, embed-
ded objects exist within the eastern Rift but have so far edatktection. This bears
further attention, possibly in the form of Spitzer survey@ecifically of the eastern Rift
which appears to be gas-rich but young star poor. Surveywéestellar cores south of
the eastern Rift have not revealed a large population.

The small sample of young stars in the TW Hydrae Associateg. ( Rich et
al. 1999) are also spread out over an area of about 30 pc inetkartFeigelson &
Montmerle 1999). Aquila could comprise a similar sort of #nagsociation. TW
Hydrae members have ages-ofl0 Myr; it is conceivable, even likely, that the TW
Hya stars formed in a much more compact region and have dspewver a large area
over millions of years. In the case of the sparse populatfohquila stars, however,
their ~1 Myr ages imply that a similar scenario is unlikely. Furthere, at least the
partially embedded stars such as AS 353 appear to be lodatlto where they were
formed. Thus, the pre-main sequence population in Aquidanseto be comprised of
numerous small pockets of star formation.

Frisch (1998) describes the properties of the local ird#estmedium within 500
pc of the Sun and points out that thaquila Rift molecular cloud is the node re-
gion where all of the superbubble shells from the three epadhstar formation in
the Scorpius-Centaurus Association, as well as the moshtesupernova explosion
creating the North Polar Spur, converged after plowing itite molecular gas and de-
celerating.” Could these dynamical processes in the Aquila region beonsdiple for
the disruption of star formation? Or, alternatively, cosldth processes have triggered
only a very limited epoch of star formation? Without a muchrenexact study and a
comprehensive picture of the gas dynamics of the regios,ribt possible to evaluate
these scenarios; however, they remain intriguing po#sisil

A more mundane explanation for the dearth of young starsidtjuila molecular
cloud may be simply that star formation has, so far, only eeded in isolated pockets.
If in the region of Aquila that lies south of the Galactic ptatine virial mass exceeded
the total gas mass, the complex may have broken up just befordile forming a
sporadic distribution of stars. This is not a fully satistag scenario, however, because
ample raw materials abound in the eastern Rift (Section yhdps we have simply
not yet determined the absolute census of young Aquila tdjére location of these
CO clouds in the Galactic plane comes with contaminatiomfeodense stellar field
within which it is highly non-trivial to pick out T Tauri star(Figure 1). Although this is
a challenging undertaking, a detailed survey for youndeastebjects may be the most
important next step in furthering our understanding of &ianation in Aquila (Section
6).

6. Future Observations: A Complete Census of Aquila Young $trs

Objective prism and narrow-bandeHmaging surveys in Aquila should reveal emis-
sion line objects, typically associated with accretingrygstars. Given the high disk
fraction (Section 3.5) among the known young candidate neesjlthis should reveal
a significant portion of the pre-main sequence stellar i, if indeed it is there.
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A complementary approach would be to use long-wavelengitz&mbservations to
detect directly the warm dust in the circumstellar disksrobedded protostars.

In the spirit of stellar characterization, it would be prafile to understand the
true space motions of the known young Aquila stars (Ducduearal. 2005). By
determining proper motions and combining these with themdyg measured radial
velocities, we will be able to determine the dynamical higtof the young stars with
far more accuracy.

For those known pre-main sequence stars that are also sofficenergetic radio
sources (e.g., AS 353), very long baseline interferometny loe used to determine
very precise stellar distances. There currently existsgmdistance degeneracy for
the Aquila young stars, although the obvious signaturesoafty constrain them to be
below a few Myr. Accurate distance determinations wouldlize not only the stars
themselves, but also the associated molecular gas.

Millimeter wave surveys at higher angular resolution uss@opes and species
which trace the denser regions of gas will provide a more det@picture of the struc-
ture and dynamics of the Aquila clouds and of how this regimmects to the western
part of the Aquila Rift, concurrent with the Serpens starrfimg region. Some prelimi-
nary observations of €0 show that the distribution of this tracer of denser gas iig ve
different from that of'2CO. Cores revealed by such observations may provide a guide
for the most productive areas in which to search for new ogaing star formation.

The Aquila region is rich, complex, and relatively nearbyl anerits continued
attention and study.
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