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Abstract. Between 1996 and 2003 we obtained 226 high resolution spectra of 16 stars in the field of the young open cluster
NGC 6913, to constrain its main properties and study its internal kinematics. Twelve of the program stars turned out to be
members, one of them probably unbound. Nine are binaries (one eclipsing and another double lined) and for seven of them the
observations allowed us to derive the orbital elements. All but two of the nine discovered binaries are cluster members. In spite
of the young age (a few Myr), the cluster already shows signs that could be interpreted as evidence of dynamical relaxation
and mass segregation. However, they may be also the result of an unconventional formation scenario. The dynamical (virial)
mass as estimated from the radial velocity dispersion is larger than the cluster luminous mass, which may be explained by a
combination of the optically thick interstellar cloud that occults part of the cluster, the unbound state or undetected very wide
binary orbit of some of the members that inflate the velocity dispersion and a high inclination for the axis of possible cluster
angular momentum. All the discovered binaries are hard enough to survive average close encounters within the cluster and do
not yet show signs of relaxation of the orbital elements to values typical of field binaries.
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1. Introduction The mean and ¢lierential reddening span a range of values

too: < Eg.v > = 0.78, AEg v = 0.64 according to Joshi
This is the second paper of a series devoted to the resultseng (1988?\)/)< Epy > = O.?lvandAEB_v - 182 ?or Wang

a long term, high resolution spectroscopic study of early tyReHy (2000), and< Egy > = 1.03 following Massey et al.

members of young open clusters, trapezium systems and 8§95)_ Similarly, estimated ages span from-aL&5 Myr of
associations. The aims of this series are discussed in Papgtdhi et al. (1983) to 10 Myr of Lynga (1987).

(Munari & Tomasella 1999)' ) ) The internal and galactic kinematics of NGC 6913 have not
or E;tg:o?ig;?’o’ tg/%éoralgn?l];é?lssaa%ps/rih g’joﬁzu;)gtﬁg%?aﬂg%%far been investigated in the literature. The cluster radial ve-
) locity used by Hron (1987) in modeling the rotation curve of
the Galaxy ¢ = 20°23"9, § = +38'32 (J2000)| = 76:92, 4o Galaxy,—25 km s, was assembled from scanty litera-
b = +0:61). _Despltg appearing in the Me53|er catalog as M 2n?rre data that apparently missed all the brightest cluster mem-
few papers in the literature deal with it, furthermore they ShQW. 5 4 is far from our much more accurate and representative
some disagreement in the results. Cluster distance is repor_tfi%_g(io_a) km s value (see Sect. 3.2). The internal kinemat-
to be 2.2 kpc by Morgar_l & Harris (1956) and Massey et %s and binary content of NGC 6913 are unknown because no
(1995), 1.5 kpc by Joshi et al. (1983), and 1.1 kpc by HO%Q&tailed radial velocity study of its members has been pursued,
et _al. (1961), while Tt (1958) suggested that NGC 6913cmd proper motions investigations (Sanders 1973; Dias et al.
Is indeed the result of two separate groups of stars, ON€,gfy5) 4re not deep and accurate enough for a firm membership
1.6 kpc and the other somewhere between 1.9 and 2.4 kpgyeqation over a wide range of magnitudes, do not cover all

candidate members and do not allow resolution of the internal

Send g@print requests toU. Munari,

i~ . . kinematics.
e-mail:munari@pd.astro.it . . . .
* Table 2 is only available in electronic form at In this paper we aim to look in more detail at NGC 6913
http://www.edpsciences.org general properties (like astrometric membership, photometry,

** Table 4 is only available in electronic form at the CDS videddening, distance, mass and age) and to present and discuss
anonymous ftp tedsarc.u-strasbg.fr (130.79.128.5) orvia the results of our extensive spectroscopic study of NGC 6913
http://cdsweb.u-strashg. fr/cgi-bin/qcat?]/A+A/415/145 based on 226 high resolution spectra monitoring of 16 stars in
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Table 1. Program stars. The first four columns give our identification number (cf. finding chart in Fig. 1), and that assigned by Hoag et
(1961), Sanders (1973) and Kazlauskas & Jasevicius (1986hd B — V are Tycho-2Vr and B — V)t transformed into Johnson system
following Bessell (2000) prescriptionkl — B is the median of the measurements by Massey et al. (1995), Joshi et al. (1983) and Hoag et «
(1961). Star #10 is reported as a short period variable g Real. (2001).

# H61 S73 KJ86 HD HIPFYC \% B-V U-B notes
1 1 135 125 194378 HIP 100586 8.603 0.431+0.07 V2031 Cyg
2 2 159 145 229239 HIP 100612 9.035 0.730-0.14
3 3 157 144 229238 TYC315213251 8.935 0.801-0.07
4 4 149 138 229234 TYC315213691 8.979 0.638-0.20
5 5 125 118 229221 TYC315214511 9.260 0.7670.25 V1322 Cyg
6 6 139 127 229227 HIP 100600 9.419 0.632-0.18
7 7 174 156 229253 TYC3152 2361 10.171 0.099-0.31
8 8 147 136 TYC 315213091 10.388 0.733-0.17
9 9 146 134 229233 TYC315211371 10.494 0.346-:0.02
10 10 182 162 229261 TYC315214151 10.510 0.2520.31 var
11 11 178 158 TYC 315210191 11.307 0.518+0.26
12 12 122 115 TYC3152 6761 12.091 0.025-0.06
13 13 167 150 TYC 3152 14671 11.692 0.862+0.83
14 14 148 137 TYC 3152 14231 11.552 0.426+0.04
15 143 132 TYC3152 541 11534 1.120+0.28
16 103 TYC 315214531 10.983 0.528-0.30
Table 2. Journal of observation® is the dispersions (/ix) at Ha :
(0.19 corresponding to unbinned spectra, 0.38%xdRined spectra), s r 3
and A2 is the wavelength coverage. The last column gives the pro- : . :
gram stars observed in each given run (the table is only available in F i 5 ki ne e %
electronic form). 36 L e YR # A . LE
i g 98 <
the field of the cluster over the time span 1996-2003. These 5 | i s ' Fodities d
observations are used to constrain the internal velocity disp§r- | 13 e gl & ¥
sion, the cluster galactic motion, the individual rotational V% [ ie Il : ’/4 ¥
locities, and the internal kinematical and evolutionary status of | g . ’.j1'4 ao il
the cluster. Spectroscopic orbits are calculated for the discov- 80 1 Tksg A C v, &'1' |
ered binary stars. R, 2 g ;
N : % 12
. . 7 b 6 . -
2. Spectroscopic observations S
Table 1 summarizes the main properties of the 16 selected s b . ]
program stars, and Fig. 1 provides a finding chart for themagoo, L= o0 0 0 o T L e T
The program stars have been spectroscopically observedz0"z4™30° 15° 24™00° 45° 30° 15°
over the period 1996-2003 with the 1.82 cm telescope and «(2000)

EchellerCCD spectrograph of the Astronomical Observatory o
of Padova at Asiago (ltaly). Table 2 provides the journal of og-'g' 1. Finding chart for NGC 6913 program stars.

servations. The instrumental set-up, spectra extraction and cal-

ibration, accuracies, etc. are identical to Paper | and the reader

is referred there for details. according to Johnson (1962). We have also derived spectral
classification of the program stars using our Echelle spectra,
classified against the Yamashita et al. (1977) spectral atlas.
Even if spectral classification of Echelle spectra has to be car-
Scanty information exists on the spectral classification of thied out with care (lines to be compared normally fall in dif-
program stars. Wang & Hu (2000) derived spectral typésrent Echelle orders), nevertheless the resulting spectral types
from low resolution spectra (5.3/Bix) covering the range look quite reasonable, and, given the far superior spectral reso-
4200-6900 A. Kazlauskas & Jasevicius (1986) obtained photion and high N, also are possibly more accurate than those
toelectric photometry in the Vilnius system, that we have coof Wang & Hu (2000). The three estimates of the spectral type
verted into spectral types using the reddening-free color pae compared in Table 3. The last two columns of the table give
rametersQ defined by Stragis (1977) appropriate for thethe reddening and distance when Fitzgerald (1970) intrinsic
Ry = Ay/Eg-v = 3.6 reddening law that applies to NGC 6912olors and our spectral classification are comparad ® - V

2.1. Spectral classification and radial velocities
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Table 3. Spectral types of the program stars from Wang & Hu Vo T T

(2000), from photometry in the Vilnius system by Kazlauskas &
Jasevicius (1986) transformed by us into spectral types following
Strayzis (1977), and from classification of our Echelle spectra against &
the Yamashita et al. (1977) reference spectral atlas. The last columns
give theEg_y (from Fitzgerald 1970 intrinsic colors) and the spectro-
photometric distances for our spectral classification and the photome-
try in Table 1. 8

T

spectral type

# WHOO0 Vilnius our Eg v d(kpc) 10 % |

1 FOIl F1V FO 1l 0.11 0.2 L

2 BOlI Blla BO I 0.97 2.0

3 BOlI Blla BOJI  1.06 1.4 J4 RE

4 O7I  Blla 091b 092 23 ler ]

5 BOllle BO llle 1.07 1.2

6 BOIl B2 la BOV 0.93 1.1

7 B4l B3V  B5IV  0.26 1.6 Y —

8 BOll BOll  BOlb/Il  0.99 3.0 (B-V),

9 A4V FOV A4V  0.23 0.3 ] _ _
10 B6II B2V BSVIV 041 12 Fig. 2. The program stars on the reddening corredfgdB — V), dia-

gram usingeg_v from Table 3 and/, B -V photometry from Table 1

11 ASV  ASIii/ 039 1.9 for Ry = Ay/Egv = 3.6 appropriate for NGC 6913 according to
12 B2V B2V 026 5.3 Johnson (1962). The isochrone for solar metallicity and 5 Myr is from
13 G6 1l G511 0.00 11 Bertelli et al. (1994) and it is scaled n— M = 105 (dotted line),
14 A8l A4V F71v  0.00 0.7 m-M =110 (solid line) andn—M = 117 (dashed line). Itis evident
15 B1ll B3 1b B1 1l 1.38 1.6 how the cluster distance cannot be well constrained. In this paper we
16 B1Il BOV 0.83 28 adopt a 1.6 kpc distance.

Table 4. Example of the table containing the epoch radial velocities
(and their errors) for the program stars, available in full only in elec-

photometry in Table 1. The positions of the program stars gRnic form atthe CDS.

the reddening-corrected HR diagram are shown in Fig. 2. #5

Radial velocities from individual observations (hereafter HJD RV, err
referred to agpochradial velocities) of the program stars are 50263.424 -19.8 15
given in Table 4. For O and B type program stars they are 50296.514 -195 1.2
based on individual measurement of He | and He Il lines. For 50299.487 -18.1 0.9
the other, cooler program stars the radial velocities come from 50316.566  -18.8 0.9

50324.479 -19.3 0.9

measurement of the metallic absorptions lines (mainly Fe I,
50333.434 -19.8 0.9

Mgtl,_T|t II)t.hThe rad_lal \(_eI00|t|e|?l_ og the Ble tprlogf_rlflm stharl_#S 50333559 -19.8 0.9
pertain to the emission lines, which completely fill the helium 50655500 -205 0.9
and hydrogen absorption lines. 50671.566 —19.9 1.7

51895.302 -26.3 0.9
52781.402 -18.9 1.0

2.2. Binaries and orbital solutions

About half of the program stars have turned out to be spectro-

scopic binaries. Table 5 summarizes the barycentric velocidg considered as a firm indication that stars #6 and 16 are field
the membership and the binary status based on epoch radialS§@rs.

locities in Table 4. Table 6 gives the spectroscopic orbits com- Similarly to Paper |, the spectroscopic orbits have been
puted for all the binary stars but #6 and 16, which are cleadptained with a Fortran code written by Roger F. fimi
binaries but the available radial velocities are not enough @ambridge University) and adapted to run under GINilix
determine the orbital period and thus to allow to derive an day us.

bital solution. Therefore th&)\,, quoted for stars #6 and 16  Program stars #1-7 have been observed also by Liu et al.
in Table 5 is the mean of the measurements, not the barycér889, 1991) who reported some epoch radial velocities for
tric velocity, and the two velocities tend toflidir with increas- them. Such data appeafected by large errors for the O and
ing eccentricity and paucity of measurements. ConsequenBystars (program stars #2—7), which make them useless in our
the R\, of stars #6 and 16 quoted in Table 5 whiclffeli by analysis. They are instead in good agreement with our ve-
slightly more than 8 from the cluster mean velocity cannotocities for star #1, which is much cooler having a spectral
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Table 5. Heliocentric radial velocity (with its standard error) of the km sec™!

program stars, binary status and cluster membership according to ra- T T T T el T T T T T T el ]
dial velocities, and projected rotational velocity (with its standard er- 40 L b

ror). The radial velocity of the binary stars is the barycentric velocity [
from the orbital solutions in Table 6. The last column gives the pro- oLy e g ]

jected rotation periodP,/sini of the solved binaries to be compared r
with the orbital period. _40L ]

# R\, binary member ViySini  Poy/Sini oF

(kms?) (kms?) (days) [

1 +86+05 yes no 26:1 5.0 3

2 -17+6 yes yes 1283 10 -60 |

3 -185+06 yes yes 842 15 oF

4 -150+06 yes yes 103 2 10 r

5 -194+03 no yes -30

6 -256+0.9 vyes (yes) 2535 40 F

7 -18+3 yes yes 4& 5 3.8 [

8 -155+04 no yes 672 ol

9 -56+05 no no 22+ 2 [

10 -148+0.7 no yes 647 _40 F

11 0+3 yes no 41+ 6 11 [

12 -17+6 yes yes 165 7 15
13 -146+0.2 no yes Q2

14 -199+04 no yes 183 r
15 -16+2 no yes 1154 60 I
16 -27+4 yes (yes) 32520

120 F

type FO Ill. The reason for the poor quality of the Liu et al. ra-
dial velocities for hot stars probably lies in the shortness of the
wavelength range they observedl60 A) and in the fact that -60 [
it is dominated by K, which we ignored in our analysis given [
the Balmer progression and its excessive scatter compared to
the much more performing He | and He Il lines. It is also worth
noticing that Liu et al. did not recognized star #7 as double
lined, in spite of having observed it at orbital phase 0.66 when
the velocity separation between the componentd #0 km s*

(cf. Fig. 3) and therefore outstanding.

The spectroscopic orbits of stars #2 and 11 in Fig. 3 and ,
Table 6 are to be considered quite preliminary, given their small 60 -
amplitude, high eccentricity and limited number of observa- [
tions. Further observations are obviously encouraged for these
two stars. Photometric observations of the double lined star #7
are in progress to constrain the orbital inclination and de- ,
rive individual masses, and they will reported elsewhere when .|
completed.

-120 |

20 -

_20kF

0.0 0.5 1.5 2.0

2.3. Rotation velocities orbitall'%hase

Rotation velocities for the program stars are given in Table Sig. 3. Orbital solutions for the binary program stars (cf. Table 6).
They have been derived from He | lines for stars #2, 3, 4, 6, 7,

8,10, 12, 15, 16 and Fe | lines for the remaining ones, follow-

ing the numerical relations for the Asiago Echelle spectrograph

calibrated in Paper | (its Fig. 7). No rotation velocity is derived From the spectral classification in Table 3, the stellar radii
for the Be program star #5 because all He | lines are badly afrer the HR diagram as tabulated by Styai'& Kuriliene
fected by emissions. The correspondence of the rotational (#981) and the observed sini projected rotation velocity,
locity scale between He | and Fe | lines (which we have beare present in the last column of Table 5 the projected rota-
forced to used in all program stars with a spectral type latéon period Proy/Sini) for the binaries with an orbital solution
than B) has been carefully checked on a grid of Kurucz rotax Table 6. The projected rotation period is obviously an upper
tionally broadened spectra we have calculated for this purpolémit to the true rotation period. Compared to the orbital period
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Table 6. Orbital solution for the binary stars we discovered in NGC 6913. For binaries #6 and 16 the epoch radial velocities in Table 4 did not
allowed a determination of the orbital period and therefore the derivation of the orbit. The errors are given in parenthesis in units of the last
digit. The last raw gives the rms deviation of the solution from the observed radial velocities.

orb. element program star #
1 2 3 4 7 11 12
P  (days) 2.70466(1) 1.7075(1) 697(7) 3.51042(5) 3.4588(1) 1.56842(4) 4.0350(5)
e 0.0 0.8(7) 0.21(5) 0.0 0.35(2) 0.4(2) 0.13(9)
K (kms? 60.1(7) 26(6) 13.5(6) 50.9(8) 87(2), 125(5) 16(5) 79(6)
y (kms? +8.6(5) -17(6) -18.5(6) -15.0(6) -18(3) 0(3) -17(6)
To (+2450000) 1132.626(4) 1362.2(1) 652(25) 892.40(1) 923.96(6) 782.3(1) 668.7(3)
w (deg) 0.0 187(14) 134(12) 0.0 282(7) 283(49) 344(26)
asini (10° km) 2.24(2) 0.4(17) 126(6) 2.45(4) 3.84(9) 0.3(1) 4.3(3)
f(m) 0.061(2) 0.001(9) 0.16(2) 0.048(2) 0.19(1) 0.0005(5)  0.20(4)
rms  (kms?) 141 1.09 1.36 1.72 1.57 1.49 1.57

in Table 6, it can be used to infer the co-rotation status of the [
binaries.

Star #1 is an SB1 eclipsing binary and therefore the sin
projection factor converges toward unity, which allows a direct
comparison between rotation and orbital periods, the formeg
being twice the latter. The lack of synchronisation could be res
lated to the primary evolving away from the main sequence an
the time scales of the two processes. z

Given the masses estimated from the spectral type and tfile 50 -
amplitude of radial velocity variation, star #7 probably has a5
high inclination too, possibly itself being eclipsing. The rota-E
tional velocity in Table 5 pertains to the B5 IV primary, the E
measurement of the secondary being too uncertain given tHe
difference in brightness. The rotation and orbital periods are
quite close, and in view of the uncertainties at play, the primary
in star #7 looks synchronized.

Stars #3 and 12 are evidently not co-rotating, because the 1
projected rotation period is at least several times shorter than 0 50 100
the orbital period in Table 6, and working on sican only en- membership % (Dias)
large the dference. For the remaining binary Stars_ #2,4and llgig.4. Comparison between Dias et al. (2002) and Sanders (1973)
no conclusion can be drawn about the co-rotation status, mgmbership data for the 24 stars in common.
projected rotation period being longer than the orbital one.

L L L L | L L L L |

2.4. Cluster membership membership status of S73 and D02 is in disagreement, and for

Sanders (1973, hereafter S73) has published an astrometriér?r?-remammg 18 there s a fair agreement.

vestigation of 228 stars in the field of NGC 6913, identifying '_°‘ ﬁrm mer.nbe.rsh|p segregation is required f,°r any kine-
92 possible members. He has however used only one plate Fgmpc_al investigation of the c_Iuster, and to achieve the best
with an epoch separation of just 22 yr, with moreover the firBPSSible result, the astrometric data should be complemented
epoch plate &everely blackened by the méoBonsequently, by ra_dlal velocities and placing of the program stars on the
noting the too large fraction of detected members among tHE diagram.

measured stars, he warned that the cluster separation from thel he radial velocity distribution of the program stars is pre-
field is not satisfactory, and that the memben-member sta- sented in Fig. 5, where the cluster grouping-a6.9 km s* is

tus he assigned may be frequently wrong. The S73 limitiyident, with a dispersion of = 2.0 kms™.

magnitude isV = 138, with a completness limit not fainter ~ Table 7 summarizes the membership status according to the
thanV = 130 that corresponds to 1.®l; on the main se- astrometric investigations of S73 and D02, the photometry pre-
guence of NGC 6913. Dias et al. (2002, hereafter D02) hasented and discussed by Crawford et al. (1977) and Joshi et al.
used proper motions from the Tycho-2 catalog to accompli€h983), the spectral classification of Wang & Hu (2000), our
the astrometric member segregation, following the analytic&@lddening-free HR diagram of Fig. 2 and the radial velocities
approach of Sanders (1971). They have 24 stars in comnioifable 5. Their combination provides our final, adopted mem-
with S73. As Fig. 4 shows, for 6 of the 24 common stars theership reported in the last column of Table 7.
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N[ T T T T T T T T T T T half the distance to the cluster, as if a single, major cloud is re-
sponsible for the majority of the extinction of NGC 6913.
4 = — In Fig. 6 we compare the same field centered on NGC 6913

as seen on Palomar POSS-II blue charts and by the IRAS satel-
lite at 100um. The north-east quadrant is clearly deprived of
stars in the optical image, while it is bright in the far infrared,

a clear sign of thick dust absorbing in the optical and emitting
_r = inthe IR. Star counts from USNO-A2.0 (stars detected in both
blue and red POSS-I prints) and near-infrared 2MASS survey
(stars detected both id as well asH and K bands) strongly

! s support the argument of a strong foreground interstellar extinc-
. | L . o \ 0 N tion crossing the field of NGC 6913 and increasing steeply to-
_24  -18 -12 _6 0 6 ward the north-east quadrant.
RV, km/sec We expect this foreground optically thick cloud to hide

from view part of the cluster, even if the cluster center seems
Fig.5. Radial velocity distribution of the program stars. A Gaussiafonfidently 'd?nt'f'ab|e_W'th the grouping of the massive O and
with center aR\, = —16.9 km s ando = 2.0 km s’ fits the member B stars seen in the optical.

stars. Shaded elements represent stars which radial velo@eysddy

more than 3 from the cluster mean velocity. 32 Cluster mass

Table 7. Cluster membership of program stars from the literature athere are no published estimates of the NGC 6913 total mass.

cording to astrometric, photometric, and spectral type criteria, angyo static approaches are considered in this subsection, a dy-
ours based on spectrophotometric parallaxes and radial velocities. fagnical one is investigated in Sect. 3.4.

last column gives our final membership status obtained by merging the A lower limit to the cluster mass is obtained by adding the

results of the various criteri&73= Sanders (197302 = Dias et al. . )

(2002),C77= Crawford et al. (1977)183= Joshi et al. (1983)v00~ 2SS appropriate to the spectral type of known members (lu
minous mass). Taking Wang & Hu (2000) spectral types of all

Wang & Hu (2000). . . ..
S73 probable members classified by them and calibration into

masses from Strays & Kuriliene (1981), we have

astrom. photom.  spctr ours

i‘ S7y3 202 Cn77r.]]83 \;VOO (rjllstr.] rv . Mg ~ 700 M, (1)
2 yy yy y yy Y S73 warned that a sizeable fraction of his members could
3 Yy yy y yy Y be spurious. We assume here that they compensate for those
g' z z z z 5 5 ; i fainter than the S73 completness magnitude, and therefore
6 700 Mg, is taken as a fair indication of the total luminous mass
yy yy y y ) Y
7 vy Ny y vy v of the cIus’Fer. o
8 yvy vy y vy v Assuming that the members of NGC 6913 distribute ac-
9 nn y nn N cording to the Salpeter (1955) laM(m) = C nT23° offers an-
10 vy vy ny y yy Y other possibility to estimate the cluster mass. It seems fair to
11 nn n y n N assume that all O and B type cluster members have been de-
12 nn y ny (N) tected and recognized as such in the Wang & Hu (2000) spec-
13 yvy ny y yy Y tral survey of NGC 6913. They are 31 in total, spanning the
14 vy ny y ny Y range between 6 and @¥,. This allows to estimate the con-
15 yy n y yy Y stantC
16 y yy Y .
31=C f m?>%¥dm — C =489 ()
3. Internal kinematics of NGC 6913 ®
which provides an initial total stellar mass for the cluster
3.1. A foreground cloud hiding part of the cluster amounting to
As reviewed in the Introduction, all previous investigations of 120
NGC 6913 agree on the largefidirential and total reddeningMe = 489f008 N(m) mdm = 3100M, ©))

affecting the cluster. Inspecting the Palomar charts it is evident
how NGC 6913 lies close to a very thick interstellar cloud thalistributed in about 0member stars. This is an upper limit to
seems to hide part of it. current cluster mass, becausg §tars became unbound early
Our and literature estimates about the cluster distance canthe cluster evolution when it started to lose gaseous mass
verge toward a 1.6 kpc value. Studies of the interstellar extindown away by the energetic winds of the first massive stars
tion toward NGC 6913 (Crawford et al. 1977; Neckle & Klarghat formed, 1) the relaxation mechanism leads to evapora-
1980) agree on a steep increase of the extinction at 1 kpc, akiart of the lighter members, and)(the mass function appears
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I

—
. POSS-1II"blug

38.7

38.6

38.5

38.4

IRAS 100um

38.6

38.5

38.4

38.3

| ' | L | L | ' |
306.2 306.1 306.0 305.9 305.8 306.2 306.1 306.0 305.9 305.8
a’ a’

Fig. 6. Comparison of a 30x 30 field from POSS-II (top left) and IRAS 100m wavelength image (bottom left) centered on NGC 6913.
Stellar surface density of the same stellar field is obtained from USNO-A2.0 optical catalog (top right) with minimum and maximum density
of 0.5 and 4.7 stafarcmir? (clearest and darkest zone) respectively and grey levels in step of 0.2&rst@ig’, and from 2MASS infrared
catalog (bottom right) with minimum and maximum density of 6.9 and 14.2/atarsir? (clearest and darkest zone) respectively and grey
levels in step of 0.5 statarcmir?.

to flatten toward lower masses (cf. Bz et al. 2002). The distributed in 350 members, comparable to the luminous mass
Salpeter and observed mass functions are compared in FignEq. (1).

In Sect. 3.5 and Fig. 8 we will show how there is possible ev-

idence that the cluster is at least partially relaxed. Supposing

that the associated evaporation of membéiects stars fainter i .

than the S73 completness magnitude, it is found that 3.3. Tidal and half-mass radii

7 Cluster member venturing on orbits wider than the cluster tidal
Mc = 489
1

) N(m) mdm = 1000M, 4 radius have a fair chance to become unbound due to the action
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N[ T T T The half-mass radiusm) is a useful quantity frequently
50 _T | | usedinN-body simulations. We have estimated it by measuring
BN the radius that contains half of the 78@, luminous mass of
40 LN | Eg. (1), which turned out to be’8corresponding tdRym =
N | 3.7 pc at a distance of 1.6 kpc. Following Binney & Tremaine
30 FN | | (1987) the virial radius can be expressed as
3 \ i - % ~
20N | ] Rir=g7 =9pcC (6)
10 ‘N; 7  3.4. Internal velocity dispersion and dynamical mass
e U - B e S =R The mean radial velocity of NGC 6913 members is
18

0 9 27 36 45 54 63 72

M/M, RV = -169+ 0.6 kms? (7)

Fig. 7. Mass function of the cluster NGC 6913 as it results from thith an observed dispersion ofy,s = 2.0 km s™. The aver-
spectral classification of the member stars. The dashed line is a fit véige uncertainty of the radial velocity of individual members is
a Salpeter lavN(m) = 489m2%5to O and B starsNl > 6 My). instr = 1.0 km s, which leads to an intrinsic radial velocity
dispersion of NGC 6913 members amounting to

6" M<6 'Me' o " Juse 'MO' e ' 1
- o o oot ow =170kms-, (8)
386 O © o T °* 1 thethree quantities being relatedas = /o2, — o2 . Many
I O<8 o O S ®1 of the physical quantities for NGC 6913 derived in the fol-
(9 oy q ¢ Telee o] lowing critically depend upon this number. We are confident
38.4 © o © 8 ol * - that our observations, reductions and measurements are state
- © oL 1 o { of-the-art and involve so many high resolution observations of
% © & T° ° 1 such alarge number of stars over a so long period of time, that

1 1w 11 doing much better with 2 m-class telescopes is hardly feasi-

306.2  306.0 3058 3062 3060 3058  ple On the other hand, the high competition to access larger

o o instruments prevents them to be assigned on programs like the

Fig. 8. Member stars of NGC 6913 with mass smaller (left) and larggresent one that require such a massive telescope usage (even|
(right) then 6M,. Massive stars show a clear clustering while thequipped with MOS devices). Undoubtly, observations of more
lighter seem randomly distributed. member stars over longer period of times would be useful to
better constrain the intrinsic radial velocity dispersion, but this

of the gravitational field of the Galaxy. The cluster tidal radiyd0€S Not appear as an easy task. Therefore, we believe that in

is defined as (cf. Binney & Tremaine 1987): absence of deep®etter €forts, our measurement of the intrin-
sic radial velocity dispersion of NGC 6913 is worth some dy-
Mg 3 namical considerations that we develop in the rest of this paper.
R =Rc (3MG) (5) The virial theorem links the cluster maks within the ra-

diusRto the velocity dispersion in the form
whereRg, Mg are the radius of the cluster galactic orbit and GM
the galactic mass contained withiRd = 8.3 kpc andMg = 12 =
9.5 x 10'° My). InsertingM¢ = 700 M,, providesR; ~ 10 pc, 2Riir
corresponding to 2(at the estimated 1.6 kpc cluster distancé=or a virial radius of 9 pc, the virial cluster mass becomes
On photographs, the cluster tidal radius is conventionally taken 6R 02
as the distance from the cluster center at which the stellar dgn;, = Riir oy ~ 4% 10* M. (10)
sity drops to the field value, estimated by Lynga (1987) to be
~10 for NGC 6913, which corresponds to 4.7 pc at the adopt@tiere is a large dlierence between luminous and virial total
cluster distance 1.6 kpc. FB = 4.7 pc Eq. (5) would provide mass for the cluster (a factor of sixtyx710? vs. 4x 10* M,).
a much lighter cluster masdl, = 50 My. Equation (5) de- Could it be intra-cluster mass? Wang & Hu (2000) have de-
scribes the statistical relation of equilibrium between clustéved a diferential reddening across the cluster amounting
and galactic potentials that can be realized only on time scalesAEg_y = 1.82 mag. Even supposing théfect is solely
long enough for perturbation fluctuations to average. Given thaused by intra-cluster extinction (from the above discussion
very young age of NGC 6913 (corresponding to just 2% of ithe major contribution to dlierential reddening should actu-
galactic orbital period), the conditions supporting Eq. (5) caally come from the optically thick foreground dust cloud)
hardly be matched, and & estimated via Eq. (5) cannot bethe amount of dust required to produce it is of the order
trusted. For the same reason, Reestimated from star countsof 4 x 10° M. This is derived assuming a simple spheri-
has to be preferred to the value estimated using Eq. (5).  cal symmetry, constant density, a standard dust-to-gas ratio

=302, 9)
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(N(H) = 5.8 x 10?1 Eg_y atoms cm?, Kilian 1992) and that the escape value and the stars tend to evaporate. Such limiting
aAEg_y = 1.82 mag diferential extinction is accumulated asnassm;n, follows from

result of the line of sight crossing the whole cluster. Even un- .

der these assumptions the corresponding amount of intl’aC|U§B'Iingsc= Ec=19x10"erg — mim =55Ms.  (13)
material is far from filling the gap between the luminous (i.e.

Eq. (1)) and dynamical mass (i.e. Eq. (10)). However, this is actually an upper limit to the mass below
Possible explanations for such a discrepancy could be aMgich the members tend to leave the cluster due to evapora-
combination of the following gects: tion. If the cluster core seems already relaxing in spite of the

(i) the large and optically thick interstellar cloud discussed ¥gTY young age, this could not be the case for the lower density
Sect. 3.1 hides from view a significant portion of the clustePUter regions of the cluster, with the relaxatlo_n being a process
causing an underestimate of the tidal radius and luminous mB¥&ving outward from the cluster center on timescales longer
from star counts. Deep infrared imagingkaband and longer than the NGC 6913 age. Only devoted, deep photometric in-
wavelengths could test this scenario; vestigations can address what the turning mass in NGC 6913
(ii) the cluster is still relaxing and some of the stars consit for which lighter members are already experiencing evapo-
ered as members are actually unbound, leaving the clustef&ion and whatiits radial dependence is.
velocities just larger than the escape one, inflating the appar-
ent dispersion of radial velocities. An example could be starg Crossing time, relaxing time, mass segregation
#6 which is a member according to both astrometric investi-
gations and combined photomet&pectroscopic criteria, andCrossing time and relaxing time are theoretical quantities
lies projected close to cluster center sporting one of the earligdtich play a relevantrole in cluster dynamics. They are closely
spectral types (BO V). Its radial velocity is well determined d€lated to the mass of the cluster, its dynamical status and the
—25.6(+0.9) km s, which is however 8.7 km'$ away from number of members. The crossing time is related to virial ra-
the cluster mean velocity 0£16.9(+0.6) km s1. The difer- dius and cluster mass byifom Eq. (9))
ence exceeds#hps The escape velocity from NGC 6913 is

= Por _ | BRy (14)
Vesc= /1202 =59 kms? ) v GM

%nd the relaxing time relates to the number of members, cluster

supporting the possibility that star #6 is actually escapin
bp 9 b y y b ass and half mass radius as

Kroupa et al. (2001N-body simulations of young clusters con-
firm that the observed dispersion of radial velocities could be Rﬁ N
m
\J G

biased by unbound members; trelax = (15)

(iii) some cluster members could be components of very wide Ma 8log (04N)

binaries, which orbital motion amount to just a few km and  (from Spitzer 1987, derived for the case of globular clusters

cannot be detected by observations spanning less than sevig similar mass members).

decades; In the case of the luminous massl; ~ 700 M, and

(iv) a cluster angular momentum larger than zero, with the = 92 (cf. Sect. 2.4), it ig., = 45 Myr andt,eax = 30 Myr,

axis pointing away from the line of sight, could pass unnaignificantly longer that the estimated cluster ag@Nyr). For

ticed given the restricted number of observed stars and stile Salpeter madd ~ 3100M, andN = 10* (cf. Eq. (3)), the

contribute a fraction of the observed radial velocity dispetrossing time reduces tg = 20 Myr while the relaxation time

sion. A cluster rotation having a projected radial componegibes up tateax = 650 Myr, both still larger than the cluster

of ~1.5 km s at half mass radius could be enough to bring thigetime.

virial mass in agreement with the luminous mass. NGC 6913 appears relaxed, at least in its core (where the

relaxation time is expected to be shorter given the higher mass

density) as mass segregation in Fig. 8 shows. Note that concen-

tration of massive stars toward the cluster center is observed in

Lighter cluster members seem to be evaporating frosome clusters to be present since their birth and not as the result

NGC 6913 as the comparison in Fig. 7 between the obsenafghurely dynamical evolution (i.e. the Orion trapezium system,

and Salpeter mass function supports, and as mass segregat@Hillenbrand & Hartmann 1998) and that sd¥body sim-

in Fig. 8 suggests. ulations (Portegies Zwart et al. 2001) show mass segregation to
In fact, for O and B type members the mean massis happen in clusters over ages shorter then the canadnigal

22 M, ando, = 1.70 km st being the radial velocity intrinsic So, the apparent concentration of heavier members toward the

dispersion, the mean kinetic energy of O and B type membersénter of NGC 6913 could also be due to mechanism other than

_ 3 dynamical relaxation.

E.= Emﬂ = Emafv =1.9x 10" erg (12)

If the cluster is relaxing toward energy equipartition, this is th?é' 7. Binaries

mean kinetic energy to which its members are aiming, and thditee dispersion of velocities in NGC 6913ds = V3o, =

must be a value of the mass below which the velocity excee2i8 km s*. Binaries with orbital velocities faster than this tend

3.5. Evaporation of members
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Table 2. Journal of observation® is the dispersions (Aix) at He (0.19 corresponding to unbinned spectra, 0.38x¢dmned spectra), and
AA is the wavelength coverage. The last column gives the program stars observed in each given run (the table is only available in elect
form).

date D AX (A)  star #

1996.06.28 0.38 4100-6700 1,2,4,5,6,7,10,12,14
1996.06.29 0.38 4100-6700 3,8,9,11,13
1996.08.01 0.38 4100-6700 1,2,3,4,8,9
1096.08.02 0.38 4100-6700 5,6,10,11,12
1996.08.03 0.38 4100-6700 1,2,3,4,5,8,9
1996.08.04 0.38 4100-6700 6,10,11,12
1996.08.20 0.38 4100-6700 3,6,7,10,11
1996.08.21 0.38 4100-6700 1,2,4,5,8,9,12
1996.08.28 0.38 4100-6700 1,2,4,5.6,12
1996.08.29 0.38 4100-6700 3,7,8,9,10,11,13,14
1996.09.06 0.38 4100-6700 1,2,3,4,5,6,7,8,9,12,14
1996.09.07 0.38 4100-6700 5,10,13
1997.07.25 0.38 4100-6700 1,5
1997.07.26 0.38 4100-6700 2,3,4,6,7,8,9,10,11,12
1997.07.29 0.38 4100-6700 13,14
1997.07.30 0.38 4100-6700 11
19097.08.10 0.38 4100-6700 2,3.4,7,8,9,10
1997.08.11 0.38 4100-6700 1,5,6,11
1997.08.12 0.38 4100-6700 12
1997.08.13 0.38 4100-6700 1,4,7,11,12
1997.08.14 0.38 4100-6700 1,4,7,11,12
1997.08.15 0.38 4100-6700 11
1998.09.09 0.38 4500-9500 1,4,7,12
2000.09.12 0.38  4500-9500 2,3,6,8,13,14
2000.09.13 0.38  4500-9500 2,3,6,8,13,14
2000.09.14 0.38  4500-9500 2,3,6.8
2000.09.16 0.38  4500-9500 2,3,4,5,6,13,14
2000.09.17 0.38  4500-9500 1,2,6,7,14
2001.07.27 0.19  4500-9500 2,3,4,7,10
2001.07.27 0.38 4500-9500 6

2001.07.28 0.38 4500-9500 7,10,15
2001.07.28 0.19  4500-9500 2,3,4.6
2001.07.29 0.19  4500-9500 2,3,4.6
2001.07.29 0.38 4500-9500 7,15
2001.07.29 0.19 4500-9500 2,3,4,6
2001.07.30 0.19 4500-9500 1

2001.09.09 0.38 4500-9500 11,12
2001.09.09 0.19 4500-9500 1

2001.10.29 0.19 4500-9500 1,2,3,4
2001.11.02  0.19 4500-9500 1,4,6
2001.11.29 0.19 4500-9500 2,3
2001.11.30 0.19  4500-9500 1,3,7,10
2001.12.28  0.38  4500-9500 3.,7,15,16
2002.01.02  0.38  4500-9500 7,15
2002.01.03 0.38 4500-9500 16
2002.01.04 0.38 4500-9500 3,7,16
2002.01.06 0.38 4500-9500 15,16
2003.05.21 0.19 4500-9500 1,5,16
2003.05.22 0.19  4500-9500 16




