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ABSTRACT

We investigate the proposed high-mass young stellar object (YSO) candidate CEN 34, thought to be associated with the star-forming
region M 17. Its optical to near-infrared (550—2500 nm) spectrum reveals several photospheric absorption features, such as Ha, the
Call triplet, and the CO bandhead, but lacks emission lines. The spectral features in the range 8375—-8770 A are used to constrain
an effective temperature Tox = 5250 = 250 K (early-/mid-G) and a logg = 2.0 + 0.3 (supergiant). The spectral energy distribution
(SED) displays a faint infrared excess that resembles that of a high-mass YSO or an evolved star of intermediate mass. Moreover, the
observed temperature and surface gravity are identical for high-mass YSOs and evolved stars. The radial velocity of CEN 34 relative
to the local standard of rest (Vi .sr) as obtained from various photospheric lines is of the order of —60 km s~ and thus distinct from the
+25kms~! found for several OB stars in the cluster and for the associated molecular cloud. The SED modeling yields ~10~* M,, of
circumstellar material, which contributes only a tiny fraction to the total visual extinction (11 mag). The distance of CEN 34 is between
2.0 kpc and 4.5 kpc. In the case of a YSO, a dynamical ejection process is proposed to explain the Vsg difference between CEN 34
and M 17. Additionally, to match the temperature and luminosity, we speculate that CEN 34 had accumulated the bulk of its mass
with an accretion rate >4 x 10 M, /yr over a very short time span (~10* yrs), and it is currently undergoing a phase of gravitational
contraction without any further mass gain. However, all the aforementioned characteristics of CEN 34 are compatible with an evolved
star of 5—7 M, and an age of 50—100 Myr, so it is most likely a background post-AGB star with a distance between 2.0 kpc and 4.5 kpc.
We consider the latter classification as the more likely interpretation. Further discrimination of the two possible scenarios should come

from the stricter confinement of CEN 34’s distance.
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1. Introduction

Before reaching the main sequence, young stars accumulate the
bulk of their mass during the so-called pre-main sequence (PMS)
evolutionary phase. This phase can last as long as a few Myr
for low- and intermediate-mass stars (<8 M), while it can be as
short as ~10*~10° yr for high-mass stars (>8 My; Zinnecker &
Yorke 2007). During the majority of their PMS phase, young
stars are surrounded and obscured by significant amounts of
molecular gas and dust; the younger the forming stars, the more
deeply embedded they are in their natal environments, and thus,
the more difficult their detection and characterization through
observations at optical and near-infrared (NIR) wavelength (e.g.,
Nielbock et al. 2007). The detection of high-mass young stellar
objects (YSOs) is rare, because these objects are deeply embed-
ded, but equally hampering is the extremely short PMS evolu-
tionary phase, which makes it statistically more difficult to find
them. Furthermore, the search for and the identification of high-
mass YSOs is hampered by confusion with much more evolved
objects, showing similar or even identical observational signa-
tures. For instance, if infrared (IR) excess is considered as the
sole criterion for source selection, high-mass YSO candidates
and post-asymptotic giant branch (post-AGB) stars might be

* Based on observations performed with the ESO Very large
Telescope on Cerro Paranal, Chile, as part of the X-shooter Science
Verification program 60.A-9402(A).
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easily mixed up, although they are totally distinct in evolution-
ary phase. In both cases the observed IR excess originates in
absorption of stellar photons by circumstellar dust and subse-
quent re-emission as thermal radiation at longer wavelengths.
Alternatively, both the forming high-mass YSOs and the evolved
stars have larger stellar radii and correspondingly cooler effec-
tive temperatures than the main sequence stars. This also pre-
vents distinguishing high-mass YSOs from evolved stars solely
from a spectroscopic point-of-view.

As one of the brightest HII regions in the Galaxy, M 17
shows evidence of multiple epochs of massive star forma-
tion (Jiang et al. 2002; Povich et al. 2009; Chen et al. 2012).
It features two prominent bars, the northern HII bar (N-bar)
and the southwestern H1I bar (S-bar), which are ionized by a
couple of OB-type stars located in the center of the HII re-
gion (Chen et al. 2012). A number of intermediate- and high-
mass YSOs have been discovered in the S-bar (Chini et al. 2004,
Niirnberger et al. 2007; Nielbock et al. 2007; Ochsendorf et al.
2011). In addition, the S-bar harbors several high-mass YSO
candidates, which display rising spectral energy distributions
(SEDs) towards IR wavelengths but still await confirmation of
their preliminary classification (Nielbock et al. 2001). Among
these high-mass YSO candidates, CEN 34 (also known as B 358)
has its own confusing peculiarities. It is very bright in the near
IR (K(2MASS) = 7.88 mag) and rather faint at optical wave-
lengths (B ~ 22.8mag, V ~ 18.8mag), which is indicative
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Fig. 1. The projection of CEN 34 (red cross)
on the sky overlaid on the JHK; pseudo-
color image of M 17 taken by the InfraRed
Survey Facility (IRSF) telescope. The ioniz-
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of high extinction. Its K-band spectrum shows the CO band-
heads longwards of 2.29 um in absorption (Hanson et al. 1997,
Hoffmeister et al. 2006), reminiscent of late-type Class II/III
YSOs (Casali & Eiroa 1996; Hoffmeister et al. 2006). However,
the same feature is typical of late-type stars, as well as of evolved
red stars (e.g., Wallace & Hinkle 1997). Therefore, the true na-
ture of CEN 34 is unclear.

To constrain the effective temperature and luminosity class
of CEN 34, which is crucial to better understanding its nature,
we performed new spectroscopic observations with high sen-
sitivity and large wavelength coverage (from the optical to the
NIR), using the medium-resolution spectrograph X-shooter on
ESO’s Very Large Telescope (VLT). In this paper we report on
our findings with respect to CEN 34°s spectral classification, its
radial velocity in comparison to that of other cluster members,
its extinction and its most likely distance.

2. Observations and data reduction

The VLT/X-shooter observations of CEN34 (18"20m21536,
—-16°09'59"76 J2000) were performed on August 12, 2009 during
the first science verification run of X-shooter, which is the first of
the second-generation instruments at the VLT (D’Odorico et al.
2006; Vernet et al. 2011). The average optical seeing and air-
mass during the observations are (0759 and 1.376, respectively.
All observations were acquired by nodding the star on the slit
using an ABBA sequence, allowing for proper sky subtraction
and bad pixel removal. On each nodding pointing, the integration
time is 685 s for the UVB arm (300—600 nm), 570 s for the VIS
arm (550—1000 nm), and 33 s for the NIR arm (1000—2500 nm).
In total, the on-source integration time is 45 min for the UVB
arm, 38 min for the VIS arm, and 2.2 min for the NIR arm. The
data taken in the UVB arm were not satisfying because the faint-
ness of CEN 34 provided an insufficient signal-to-noise (S/N).
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ing sources of M 17-the O4-type binary, and
the hypercompact H1I region-M 17-UC1 are
also marked.

For the VIS and the NIR arms, a 0”9 slit width was used to guar-
antee R = 8800 (A1 = 0.09nm) and R = 5600 (A1 = 0.3 nm),
respectively. The S/N is ~30 in the VIS arm and ~20 in the NIR
arm. The standard procedures of data reduction were applied us-
ing the X-shooter pipeline version 1.3.7 (Goldoni 2011), includ-
ing bias-, dark-, and flat-field correction, wavelength calibration,
order tracing, and flux calibration. Regarding the wavelength
calibration, the transformation from pixel space to (4, s) space
was performed by analyzing a nine-pinhole Th-Ar lamp frame
with a list of lines and a table containing the expected positions
of the lines in the frame. The accuracy of wavelength calibration
using the pipeline is better than ~2 kms~! over the entire wave-
length range of X-shooter. The standard star EG 274 (a white
dwarf) was used to calibrate the fluxes for the spectra of the
three individual arms. Meanwhile, the telluric absorption cor-
rection was conducted for the spectrum of the NIR arm by using
the telluric standard stars HD 100858.

3. Results

The relative location of CEN 34 with respect to the HII region is
shown in the finding chart (see Fig. 1). The most massive stars,
the O 4-type binary (Hoffmeister et al. 2008), are located on the
left edge of the finding chart, meanwhile the giant molecular
cloud M 17-SW is located on the right edge.

The flux-calibrated spectrum of CEN 34 from the visual to
the NIR is shown in Fig. 2. The optical and NIR parts of the spec-
trum are quite noisy due to the faintness at optical wavelengths
and the short exposure time at NIR wavelengths, respectively.
Only absorption lines are detected, such as He, Call triplet,
and CO bandheads in the K-band. The analysis based on the
Ca1l triplet and CO bandheads are presented in the following
sections.
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Fig. 2. X-shooter spectrum of CEN 34, covering the visible and near-IR wavelength range. Prominent photospheric absorption lines are marked.

Gray shaded regions mark the major telluric absorption features.

Table 1. Line parameters.

Aops (Ao) Ion Intensity
[/0\] in absorption
8437 Ti1 0.10
8446 (0] 0.15
8468 Fel 0.10
8496.6 (8498.02) Can 0.43
8515 Fe1 0.09
8540.3 (8542.09) Can 0.72
8598 Hr1 0.09
8621 Fer 0.15
8660.5 (8662.14) Call 0.61
8689 Fe1 0.18

Notes. The intensities of the lines are normalized line strengths with
respect to the continuum. For the Call triplet, the references of rest
wavelength in air (within the bracket; Reader et al. 1980) are given for
the purpose of calculating the V;sg of CEN 34. The weaker lines have
S/Ns between 5 and 9 were not used for velocity determinations, so
their rest frame wavelengths are not listed.

3.1. Spectral type and luminosity class

Our spectral classification of CEN 34 relies on the wavelength
range 8375-8770 A, which avoids strong telluric absorption. It
also offers a rich combination of lines relevant for astrophys-
ical diagnostics and spectral classification (Gray & Corbally
2009). First, neutral Fe and Ti lines appear from late-F stars
onwards, and grow gradually in intensity with decreasing tem-
perature until late-K stars. Second, the Paschen series (e.g.,
Paschen 14 line 8598 A, hereafter P14) disappear for main se-
quence stars later than GO, but they can still be seen for mid-G
supergiants due to the luminosity effect (Munari & Tomasella
1999). Third, neutral Ti and Fe lines, the CaTl triplet (8498 A,
8542 A, 8662 A), as well as the lines of the Paschen series can
provide luminosity discrimination by comparing their absolute
strengths.

Figure 3 shows the wavelength range 8375-8770 A of the
X-shooter spectrum of CEN34 in comparison to the spectra
of several reference stars of luminosity classes I (supergiants);

r

)
3
i‘
J
a
;

Normalized spectrum + shift

8500

8600 8700
A (A)

Fig. 3. X-shooter spectrum of CEN 34 (emphasized in red) in the wave-
length region 8375-8770 A. The two features apparently seen in emis-
sion in the CEN 34 spectrum at wavelengths ~8590 A and ~8730 A
are artifacts with unnatural line widths. For comparison, the spectra
of several reference stars are displayed; they are adopted from the
literature as follows: F8 III (HIP74975), G1 III (HIP 117503), and
G1 II (HIP47908) from Valdes et al. (2004); GO Ib (HIP96481) and
GO III (HIP 5454) from Andrillat et al. (1995); G2 Ib (HIP 109074),
G2 III (HIP 86731), G5 III (HIP 100524), and G5 Ib (HIP 107348) from
Carquillat et al. (1997). All reference spectra have a resolution around
1 A, very close to that of our CEN 34 spectrum. All spectra are nor-
malized and are displayed by applying a corresponding shift along the
Y-axis for better visual comparison.

II (bright giants); and III (normal giants). Prominent absorp-
tion lines — like the CaTI triplet, neutral metal lines (FeTl, TiT,
and OI), and the P14 line — are marked, and their derived
parameters listed in Table 1. The appearance of Fel, Til, and
Paschen lines in the spectrum of CEN 34 indicates a rough tem-
perature class of late-F to mid-G. The absolute strengths of these
absorption lines are greater than those for giants, suggesting a lu-
minosity class IT or . In addition, Ti T and Paschen lines stronger
than in the spectrum of the F8 III reference star can be due to the
brighter luminosity class (II or I) and/or later temperature class.
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Fig. 4. CEN 34’s X-shooter spectrum (black solid) around the Ca118498 A, P14, and Ca118662 A lines. The best fitting grid (red) and other nearby
grids are shown as dashed lines. The synthetic spectral library is based on the Kurucz codes, and has an uniform dispersion of 1 A/pix (for more

details see Munari et al. 2005).

3.2. Effective temperature and surface gravity

Effective temperature and gravity of CEN 34 are further con-
strained by comparing the observed spectrum to the library of
synthetic spectra published by Munari et al. (2005) and assum-
ing solar metallicity. The metallicity-dependent CaTl triplet is
used as the primary discriminator because of its line strength
and best S/N ratio. In addition, to rule out any metallicity ef-
fect, the metallicity independent P14 line is used as secondary
discriminator.

We construct a grid of synthetic spectra by covering the
parameter space 5000 K < T < 6000 K, AT = 250 K,
0.0 < logg < 3.0, Alogg = 0.5. On the basis of the spectral
type of CEN 34, we suggest a rotation velocity of 10kms™! (the
typical value for early-G supergiants; De Medeiros et al. 2002)
during the fitting procedure. The best fitting synthetic spectrum
should first match the CaTr triplet and then match the P14 line;
fitting results are checked by visual inspection alone. Figure 4
shows the best fitting grid and other nearby grids. Among the five
different grids, we notice that the line strengths of the CaTl lines
are very sensitive to logg, while not varying much with Teg
changing; in contrast, the P14 line is sensitive to both log g and
Tei. Only the grid of T = 5250K, logg = 2.0, provides an
acceptable match for the two Call lines, as well as the P14 line.
Because the S/Ns of the two Call lines are much higher than
that of the P14 line, logg is better fitted than T.g. Therefore,
the uncertainty of logg is estimated to be 0.3, smaller than the
grid step, but the uncertainty estimate of T.g is 250K, simi-
lar to the grid step. Through this approach, T.g is determined
as 5250 = 250 K and log g as 2.0 = 0.3.

3.3. CO bandhead absorption

The CO bandhead absorption longwards of 2.29 ym is typical of
late-type stars, whose outer atmospheric layers have the correct
temperatures (~1000—-3000 K) to produce such features. The CO
bandhead absorption generally start to appear in the spectra of
late-G dwarfs, but their appearance could shift to earlier spectral
types for supergiants (e.g., Wallace & Hinkle 1997). However,
low-mass Class II/III YSOs may also exhibit CO bandheads in
absorption, because the effective temperature is not high enough
to dissociate CO molecules, and the circumstellar veiling is less
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Fig.5. Normalized X-shooter spectrum of CEN34 (black) in the
wavelength range 2.28-2.39 um, covering the CO bandhead absorp-
tion. For comparison, the reference spectrum of the mid-G supergiant
HIP 107348 (SpT G51Ib; Wallace & Hinkle 1997) is shown in red.
The spectrum of CEN 34 has been smoothed to the spectral resolution
(R ~ 3000) of the reference spectrum.

than that of Class I YSOs (Casali & Eiroa 1996; Hoffmeister
et al. 20006).

Figure 5 shows the CO bandhead absorption for CEN 34,
as well as a reference mid-G supergiant. Since the CO band-
head absorption is strongly related to the 7. and to the surface
gravity, Gonzdlez-Ferndndez & Negueruela (2012, and reference
therein) find a good correlation between the equivalent width
of the CO bandhead in absorption (hereafter COgyw) and spec-
tral types for giants and supergiants: COgw linearly increases
with the decreasing T, and is larger for supergiants than for gi-
ants of the same 7. Therefore the CO bandhead can be used to
verify the above spectral type and luminosity class of CEN 34.
Following Fig. 2 in Gonzalez-Ferniandez & Negueruela (2012),
the COgw ~ 11 A of CEN 34 suggests an early-K giant or mid-G
supergiant, and the latter agrees well with the previously classi-
fied spectral type and luminosity class, if the involved uncer-
tainty is considered.

Based on the spectral classification and synthetic spectral fit-
ting presented above, CEN 34 has a spectral type of early-/mid-G

(Ter = 5250 = 250K) and logg = 2.0 + 0.3, that is compatible
with a supergiant.
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3.4. Radial velocity relative to LSR (Vi sr)

Usually, newly formed stars conserve some kinematic imprint
of their natal molecular cloud; i.e., stars having originated in
the same cloud are expected to display similar radial velocities
(Herbig 1977). Therefore, Vi sg measurements are an excellent
tool for investigating the membership of stars in star-forming re-
gions or stellar clusters.

In the case of M 17, comparison can be made to the young
O- and B-type, whose membership is well established. For
many of them, reliable spectral classification has been derived
by Hoffmeister et al. (2008), primarily on the basis of low-
resolution NIR spectroscopy with ISAAC complemented by
higher resolution (R = 6600) optical-red GIRAFFE spectra cov-
ering the wavelength range 8200-9400 A. While the spectra of
the B-type stars are featureless in the 8000—9000 A range, accu-
rate reference Vs values can be derived for 11 O-type stars
with strong ArI absorption lines at 8620 A. In addition, the
X-shooter spectrum of the B7-type PMS star CEN 24/B 275 also
serves as Visr reference (Ochsendorf et al. 2011). Its Balmer
series yield Vigr ~ 24.7km s™h). In total, we have calculated
the Vi s for 12 well-established OB-type members of M 17, and
their mean Vigg is +29.4kms™!, with a scatter of 7.1kms™'.
Furthermore, the prevalent Vigg of the associated molecular
clouds (M17-SW and M17-North) as obtained from radio and
millimeter observations (Wilson et al. 2003; Xu et al. 2011)
is ~+20kms~!.

To determine the V| sg of CEN 34, we use the CaTl triplet and
the CO first overtone in the X-shooter spectrum. The lines of the
triplet are fitted with Gaussian absorption profiles to derive their
central wavelengths (see Table 1). Assuming R = 8800, the ve-
locity resolution of the X-shooter VIS arm is around 34kms~!.
Indeed, the central wavelengths fitted by Gaussian absorption
profiles have errors below the velocity resolution. By test-
ing different fitting parameters, the wavelength deviations are
about 0.2 A, corresponding to velocity resolution of 7kms™!,
i.e., 20% of the velocity resolution. Comparison to the rest wave-
lengths in air of the CaTl triplet (see Table 1) then yields a Vi sg
of =57 + 6kms~'. To obtain an alternative estimate of its Vi.sg
from the CO first overtone, we cross-correlated CEN 34°s spec-
trum with the high-resolution (R = 100 000) vacuum rest-frame
spectrum of Arcturus (see Fig. 6). For more details on this ap-
proach, the reader is referred to Figer et al. (2003). The spectrum
of Arcturus was first resampled to match the lower spectral res-
olution (R = 5500) of the X-shooter NIR arm and then shifted in
velocity by —64 km s~ to overlap with the spectrum of CEN 34.
The uncertainties involved in the velocity shift are dominated by
the lower spectral resolution of the X-shooter spectrum and as
before assumed to be on the order of 20% of the velocity reso-
lution, or 11kms~'. Obviously, the two independent V; gr esti-
mates for CEN 34 agree reasonably well within the errors. Thus,
CEN 34 has a Vi gg that is significantly distinct from those of
the OB stars and from those of the associated molecular clouds.
This suggests that CEN 34 is not a member of M 17, although
one could argue that the high-mass stars in M 17 did conserve
their original velocity, while stars with lower mass have been
kicked out by tidal interactions.

The Visr of CEN 34 differs from that of any other molec-
ular cloud within the inner Galaxy along the same line-of-
sight (I = 15°), by adopting the Galactic rotation model
of Reid et al. (2009). A spiral arm lying beyond the Outer
Arm in the first Galactic quadrant ~23 kpc from the Galactic
center shows an LSR velocity of —15kms™ at [ = 15°

1.0 IRRRRREEERRS Vs
08F .
:
0.4F .
0.2L ‘ ‘ ‘ ‘ ]
2.290 2.292 2.294 2.296 2.298

A(um)

Fig. 6. Normalized CO first overtone bandhead of CEN 34 (black solid)
and those of Arcturus (red and blue dotted lines). The red-dotted line
presents the rest frame spectrum of Arcturus, while the blue-dotted one
is the spectrum shifted by the velocity corresponding to the result from
the cross correlation with respect to CEN 34’s spectrum. The rest frame
spectrum is shifted by arbitrary amounts along the vertical axis for pre-
sentation purposes.

Table 2. Multi-wavelength broadband photometry of CEN 34.

Band Aot Mag Flux Ref.
[pm] (mly)
B 0.44 228 +0.3 3.13+0.86 x 1073 1
Vv 0.55 18.82 + 0.05 0.114 + 0.005 1
Johnson_R 0.7 15.93 £ 0.05 1.25 £ 0.06 3
DENIS_/ 0.79 14.482 + 0.04 55+£02 2
Johnson_/ 0.9 13.38 £ 0.05 120+ 0.5 3
2MASS_J 1.23  10.402 = 0.024 110.0 = 2.4 4
2MASS_H 1.66 8.666 + 0.031 3499 +£99 4
2MASS_K 216  7.788 +0.023 511.4 +10.8 4
IRACI1 3.6 6.92 + 0.057 479 + 25 5
L’ 3.78 6.77 495 1
IRAC2 4.5 6.425 + 0.043 483 + 19 5
IRAC3 5.8 5.834 + 0.034 541 + 17 5
IRAC4 8.0 5.267 £0.14 493 + 64 5
N 10.5 2500 + 730 3
(0] 18.6 5050 = 1395 3

References. (1) Hoffmeister (2008); (2) Epchtein et al. (1997);
(3) Chini & Kriigel (1985); (4) Skrutskie et al. (2006); (5) Benjamin
et al. (2003).

(Dame & Thaddeus 2011). Therefore, it is not possible to es-
timate a kinematic distance for CEN 34 by its V| sr.

3.5. Extinction and luminosity

In Table 2, we collected the broadband photometric results for
CEN 34 available from both the literature and the catalogs of re-
cent infrared surveys (DENIS, 2MASS, and Spitzer GLIMPSE)
to construct the SED of CEN 34 (see Fig. 7). The SED shows
moderate infrared excess, most likely due to the presence of cir-
cumstellar material in an envelope and/or a disk. If CEN 34 is
an evolved star the circumstellar envelope is a more plausible
assumption than a circumstellar disk (Fujii et al. 2002).

We used the simulated annealing approach described in Liu
et al. (2012) to model the observed SED and to estimate the mass
of circumstellar material. We explored the scenario of a spheri-
cal envelope that is commonly adopted to mimic the dust shell
surrounding a post-AGB star. The corresponding dust-density
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Fig.7. Observed SED of CEN 34 generated from the photometric data
listed in Table 2 (diamonds), together with the best-fitting model SED
(dashed line) based on a star+envelope system of M, = 9 x 107 M.
After dereddening (A, = 11 mag), the extinction free model SED (solid
line) can be compared to the dereddened fluxes of the reference post-
AGB star IRAS 23304+6147 (triangles; Fujii et al. 2002). In addition,
the best-fitting stellar blackbody (7. = 5260 K) is shown as a dotted
line.

distribution is assumed to be a power law pepy o< ¥~ with @ = 2.
Our best model fit is shown in Fig. 7. The observed SED at
A < 4 um, i.e. dominated by the stellar radiation, is reproduced
by a star with Ter = 5260 K reddened by Ay = 11 mag. The
SED longward of 4 um can be reproduced by a spherical en-
velope of 9 x 107 M,, yielding an optical depth 7, = 0.29
for the circumstellar material along the line-of-sight. This cor-
responds to Ay = 0.3mag and is only a small fraction of the
total extinction of Ay = 11 mag mentioned above. Considering
that Hoffmeister et al. (2008) derived a foreground extinction
of 2 mag toward M 17, the largest fraction of extinction origi-
nates inside the HI region and behind it, in case CEN 34 is not
a cluster member. Therefore, the distance of CEN 34 is at least
greater than 2 kpc, the distance of M 17. With this lower limit
of CEN 34’s distance, the lower limit of the luminosity is de-
termined as 1600 Ly. On the other hand, the derived tempera-
ture and surface gravity also constrain the absolute magnitude of
CEN 34. Using the calibration from (Straizys & Kuriliene 1981)
we obtain My = —4 mag, which transforms into a photometric
distance of 2.3 kpc. However, this distance estimate has a large
error due to the uncertainty of log g.

4. Discussion

In Fig. 8 we outline the location of CEN 34 in the Hertzsprung-
Russell diagram (HRD) based on effective temperature and lu-
minosity ranges constrained in Sects. 3.2 and 3.5. Comparison
is made to two distinct sets of theoretical evolutionary tracks
and isochrones: while in the lefthand panel, we compare to
high-mass star formation models of Hosokawa et al. (2010), in
the righthand panel we overplot post-main sequence isochrones
of Marigo et al. (2008). Obviously both high-mass YSOs and
evolved stars are compatible with the observations of CEN 34.
As demonstrated by the numerical simulations of Hosokawa
et al. (2010), very young and accreting high-mass YSOs tend to
have rather low T4 and large radius, similar to those obtained for
CEN 34 in Sect. 3.2. However, if we assume that CEN 34 is as-
sociated with the M 17 region and located at a distance of 2 kpc,
its Tegg ~ 5250 K and luminosity L. > 1600 L place CEN 34
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in an area of the HRD where the numerical models suggest ac-
cretion rates in excess of 4 x 10> M/ yr. Nevertheless, accretion
rates may vary strongly with the evolution of high-mass YSOs.
As a consequence, CEN 34 does not need to maintain such a
high accretion rate throughout its entire formation process. Such
extremely high accretion rates are usually expected to correlate
with the presence of a very massive (~1 M) envelope/disk sur-
rounding the central high-mass YSO, which obviously contra-
dicts to the amount of circumstellar material actually estimated
for CEN 34 (~10™* My; see Sect. 3.5). This discrepancy could
be circumvented by a scenario in which the high-mass YSO has
already accumulated most of its circumstellar material in a very
short time span, so that the circumstellar material becomes op-
tically thin. We speculate that CEN 34 might be in a phase of
gravitational contraction, during which it will not gain more ma-
terial from its surroundings and will move to the left in the HRD.
To solve the Vi sr inconsistency between CEN 34 and M 17,
one might argue that CEN 34 has been ejected from M 17.
Recently, Gvaramadze et al. (2013) have reported that even
O-type stars can be ejected from a massive cluster because of
a dynamical few-body encounter in the cluster’s core. If we pro-
pose that CEN 34 is dynamically kicked o the cluster center, then
the time that CEN 34 needs to move to the current position rela-
tive to the cluster center can be used to test our speculation. The
distance from CEN 34 to the cluster center is about 1 pc, which
is the relative distance projected to the sky plane. Assuming 1 pc
to the relative distance perpendicular to the sky plane, the Vi sg
difference of ~80 kms™! yields a time of ~1.2 x 10* yrs, which
is needed for CEN 34 to move to the current position. This trav-
eling time is comparable to the age of CEN 34 if it had accumu-
lated the bulk of its mass with accretion rate >4 x 107> Mg /yr
within a period of ~10% yrs. A byproduct of this ejection sce-
nario is to place CEN 34 in an isolated environment where feed-
ing through its parental cloud cannot be continued.
Alternatively, besides the fact that the spectrum of CEN 34
shows very similar characteristics to those of post-AGB stars,
which typically are late-type supergiants with spectral ab-
sorption features as discussed in Sects. 3.1-3.3 (Szczerba
et al. 2007), the overall shape of CEN34’s SED is reminis-
cent of post-AGB stars. To foster the hypothesis of CEN 34
being a post-AGB star, we compared its dereddened SED
(Fig. 7) to that of a reference post-AGB star of spectral
type G2 Ia (IRAS23304+6147) from Fujii et al. (2002), lo-
cated at a distance (d ~ 4.5kpc). IRAS23304+6147 has
mid-infrared excess that is slightly stronger than that of
CEN 34, most likely due to larger amount of circumstellar
material. In view of the similar spectral types and luminos-
ity classes of CEN34 and IRAS 23304+6147, their compa-
rable optical and NIR fluxes imply a comparable distance,
too. Because the optical and NIR fluxes of CEN34 are still
somewhat higher than those of IRAS 23304+6147, the dis-
tance of IRAS 2330446147 (i.e., 4.5 kpc) serves as upper limit
for CEN 34’s distance. Considering the most likely range of
CEN 34’s distance (2 kpc < d < 4.5 kpc), the corresponding
luminosity range is easily derived (1600 Ly, < L. < 8100 Ly).
By comparing this luminosity range and the effective tempera-
ture to post-main sequence isochrones of Marigo et al. (2008)
(see the right panel of Fig. 8), we constrain the ranges of stel-
lar mass and age to 5-7 My and 100-50 Myr, respectively.
This would suggest that CEN 34 is an evolved intermediate-
mass star. While post-AGB stars typically yield prominent far-
infrared emissions (e.g., Sudrez et al. 2006; Szczerba et al.
2007), far-infrared flux measurements of CEN 34 (e.g., from
IRAS or AKARI) are highly contaminated by the strong dust
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Fig. 8. Position of CEN 34 in the Hertzsprung-Russell diagram (HRD) with a well determined effective temperature (5250 + 250 K) and loosely
constrained luminosity (1600 L, < L. < 8100 Ly). Left panel: the position of CEN 34 denoted by the full dot with error bar is compared with the
model of massive star formation via disk accretion (Hosokawa et al. 2010). The luminosity of 1600 L. adopted here is the lower limit (denoted
by the upward arrow) when the distance of CEN 34 is assumed to be 2kpc. Right panel: the position of CEN 34 (the rectangle representing
the uncertainties of T.s and L,) is placed against the isochrones of post-main-sequence evolution (Marigo et al. 2008). The lower and upper
isochrones (roughly the 100 Myr and 50 Myr ones, respectively) that enclose the position of CEN 34 are highlighted in red, and the corresponding

masses are highlighted in blue.

continuum of the M 17 S-bar. For this reason, the 60 um and
100 um fluxes listed for CEN34 in the IRAS Point Source
Reject Catalog (released in 1989) are unreliable, because of the
large IRAS beam size (~1 arcmin at 60 um); although AKARI
observed with higher spatial resolution and better sensitivities
than IRAS, unfortunately the AKARI/FIS All-Sky Survey Point
Source Catalogue (Yamamura et al. 2010) does not return an en-
try matching the position of CEN 34.

5. Summary and conclusions

Originally considered a high-mass YSO candidate in the
M 17 star-forming region, CEN 34 has been reclassified as an
early-/mid-G supergiant on the basis of the new X-shooter spec-
trum. The SED of CEN 34 resembles that of either a high-mass
YSO or an evolved intermediate-mass star (likely a post-AGB
star) with a visual extinction Ay = 11 mag that it is dominated
by interstellar extinction. If CEN 34 is a high-mass YSO, its de-
rive properties (T.g, log g, and Vi sgr) can be explained by a sce-
nario where the star has been ejected from the M 17 cluster. In
this case CEN 34 had accumulated the bulk of its mass during
the first ~103 years, and it is currently gravitationally contract-
ing with only little circumstellar material left. If, on the other
hand, CEN 34 is an evolved star of intermediate mass, its lumi-
nosity is in the range 1600 Ly < L. < 8100 L, corresponding
to a distance range of 2kpc < d < 4.5kpc. Comparison to the
isochrones of post-main sequence evolution then suggests that
CEN 34 has a mass of 5—7 M and an age of 50—100 Myr, which
are reminiscent of a post-AGB star.

In conclusion, the ambiguities concerning infrared excess
and spectral types between high-mass YSOs and evolved
intermediate-mass stars prevent a unique classification of
CEN 34. The arguments for interpreting CEN 34 as a high-mass
YSO are not as straightforward as in the case of a post-AGB

star, and they are based on a number of assumptions. For the
time being, we prefer the interpretation of a post-AGB star and
hope that a future, more accurate distance estimate will settle the
issue.
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