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ABSTRACT

The open cluster NGC 6791 has been the focus of much recent study due to its intriguing combination
of old age and high metallicity (~8 Gyr, [Fe/H|=+0.30), as well as its location within the Kepler field.
As part of the WIYN Open Cluster Study, we present precise (o = 0.38 km s~ 1) radial velocities for
proper-motion candidate members of NGC 6791 from Platais et al. Our survey, extending down
to g’ ~ 16.8, is comprised of the evolved cluster population, including blue stragglers, giants, and
horizontal branch stars. Of the 280 proper-motion-selected stars above our magnitude limit, 93% have
at least one radial-velocity measurement and 79% have three measurements over the course of at least
200 days, sufficient for secure radial-velocity-determined membership of non-velocity-variable stars.
The Platais et al. proper-motion catalog includes twelve anomalous horizontal branch candidates
blueward of the red clump, of which we find only four to be cluster members. Three fall slightly
blueward of the red clump and the fourth is consistent with being a blue straggler. The cleaned
color-magnitude diagram shows a richly populated red giant branch and a blue straggler population.
Half of the blue stragglers are in binaries. From our radial-velocity measurement distribution we find
the cluster’s radial-velocity dispersion to be o, = 0.62+0.10 km s~!. This corresponds to a dynamical

mass of ~4600 M.



(Gl, Gb) =69.96,+10.9
Dist = 4 kpc An SDSS view (27°*28’)

* Massive ~ 5000M
e Old ~ 8 Gyr
e Metal rich ~ 0.32 dex

Evidence for extended star formation
At~ 1Gyr (Twarog et al.2011)
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Proper motion membership (Platais et al. 2011, P11):
* PM catlog 58901 objects down to g~24, radius~34’;
e Forg< 22, prb>19% = 4800 probable members

This work: from P11
*g<16.8, prb>19% + few more lower prb

: WIYN 3.5m telescope
Observations: Kitt peak
e Multi-Object Spectrograph (MOS), ~70 spectra over 1deg FOV b

R~20000;
* 1189 RV measurements for 260 stars
IRAF data reduction




RV precision

* The best fit precision g, =0.38 km/s,
*0 ., =0.7 km/s, cutoff to limit binary contamination

*0 >4 0, as velocity variables

|

40
G

o, = 0.38+0.02 km 5™
30

20

N Stars

10

V] S éﬂl.—lﬁm....ﬁ.ﬁ.m.ﬂ

0 1 2 3
Tabs (km 5_1}

I

Figure 2. Distribution of the standard deviation of the first 3 RV
measurements for each star. The solid curve displays the best fit
of the x2 model within the o, cutoff represented by the dashed
vertical line. A best-fit precision of o; = 0.38 4+ 0.02 km s 1 is
found. The vertical dotted line marks 4o;. the minimum standard
deviation required for a velocity-variable designation.



RV results:

Table 1
Radial Velocity Summary Table

IDw R.A. Dec. q' g-r" Nge RV P, Ppv?® efi Class Comment
1002 19:20:55.11 37:47:16.3 14.63 1.41 5 -47.51 99 96 031 SM
1003  19:20:50.04 37:47:28.2 13.50 0.95 1 -4949 10 U
1004 19:20:58.63 37:47:40.5 11.99 0.88 3 -1321 10 0 0.70 SN
2003 19:20:47.66 37:47:32.3 15.33 1.23 3 -5420 99 (0) 53.30 BU SB1
3006 19:20:49.72 37:43:42.7 1483 1.50 4 -46.47 99 94 1.30 SM Co Band
4003 19:20:59.95 37:46:03.3 15.15 0.28 13 -44.76 99 54 1.62 SM BSS
6006 19:20:49.65 37:44:.07.8 1518 1.10 3 -49.03 10 (89) 426 BLM SB1
7021  19:20:33.03 37:55:55.9 14.21 1.10 14 -75.11 41 (0) 11.00 BLN SB1
7045 19:21:22.34 38:07:57.1 14.04 0.39 10 -1.88 37 (0) 322 SN RR (113.1 km s~ 1)
43033 19:22:15.20 37:48:47.2 1582 0.55 6 -41.70 6 (0) 79.28 BU SB2
Note. — This table is available in its entirety in a machine-readable form in the online journal. A portion is

shown here for guidance regarding its form and contents. Photometry, coordinates, and proper-motion membership
probabilities come from I. Platais et al (2014, in preparation).

# RV membership probabilities in parenthesis indicate the probability of the mean RV for velocity variables (Pgyr) and
remains uncertain until a binary orbital solution is found.

Class.
SB1/SB2: single/double lines spectro-binary; C, band:strong C, absorption;
BSS: blue straggler; RR: rapidly rotating stars
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Figure 4. Radial-velocity histogram of single, non-rapidly rotat-
ing stars. Gaussian fits to the field and cluster RV distributions
are over-plotted in red and blue respectively. Top right provides
the radial-veloeity mean and standard deviation for each of these

fits.

Two-Gaussians fit
Verg=-47.4 km/s, 0 = 1.1 km/s
Viioig =-30.8 km/s, 0 = 46.5 km/s
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Figure 6. A comparison of the P11 P, values (y-axis) with our
Pgy values (x-axis) for single stars. The dashed vertical line repre-
sents the radial-velocity membership criterion (50%). The blue-HB
candidates from P11 are highlighted in blue diamonds. Blue dia-
monds without a central point are velocity variable. Their radial-
velocity membership position reflects the membership probability
of their mean radial velocity. Marginal distributions along each
axis are presented in the top and right panels.
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Figure 7. (a) Upper CMD of proper-motion probable members
(Py = 19%) from P11 with blue-HB candidates highlighted in blue
diamonds. Small light-gray points are stars with P, < 19%. (b)
CMD including radial-velocity membership determinations. Single
members (SMs) are shown as black points, circled points indicate
binary likely members (BLMs). Gray points are SMs and BLMs
with 1% < P, < 19%. Gray “®” symbols mark candidate binary
members currently classified as binary unknowns (BUs) or binary

likely non-members (BLNs), discussed in Section [6.1]
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Abstract We present metallicities and radial velocities for five old open clusters
(NGC 6791, NGC 2420, NGC 2682, NGC 2158, and NGC 7789) using data
from the seventh public data release of the Sloan Digital Sky Survey (SDSS),
which includes the directed stellar program SEGUE: Sloan Extension For Galactic
Understanding and Exploration. The radial velocities are used to calculate cluster
membership probabilities for stars in each cluster region. NGC 6791, NGC 2420,
NGC 2682, NGC 2158 and NGC 7789 are found fo have mean metallicities [Fe/H]=
+0.08 £+ 0.09, —0.38 + 0.11, —0.08 £+ 0.05, —0.41 £ 0.13 and —0.19 &+ 0.13 dex
(s.d.), respectively. The mean radial velocities for NGC 6791, NGC 2420, NGC 2682,
NGC 2158 and NGC 7789 are Vr = —45.9 + 0.2, +76.1 £+ 0.2, +35.0 + 0.2,
+26.9 £ 0.2 and —48.2 £+ 0.2 Km s (5.e.m.), respectively. We have compared our
results with the values from literatures, and found that our metallicity of NGC 6791 15
significantly underestimated (by about 0.3 dex) and our radial veloctties of the open
clusters agree well with the values derived using high-resolution spectroscopy.




RV membership
estimation

3 RADIAL VELOCITIES AND METALLICITIES
3.1 Determination of Cluster Membership

The estimation of the membership probability involves the radial velocity (RV) distributions for both
field and cluster stars. We assume that the EVs of cluster members follow a Gaussian distribution
and field stars follow another Gaussian distribution. Then the distribution function for field stars.
&y, and for cluster stars, @;, can be written as
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where n; 15 the normalized number of member stars, v; 1s the radial velocity of the i-th star and =,
the estimated observational error. (vg, v, ) are the RV distribution centers of field stars and cluster
members respectively, and (g, 7o) the intrinsic RV dispersions of field stars and cluster members.
These five parameters, n., (vf,vc) and (o, 7co), Were estimated by a maximum likelihood
method. In order to search for the maximum of the likelihood function, a bipartition algorithm was
adopted (Wang 1997). We list distribution parameters of the five open clusters in Table 2.
After the distribution parameters are determined, the membership probability of the i-th star can
be calculated as:
‘Du:-z' ‘-Dcé

e R 4
Y, De; + Dy, @

Table 2 Distribution Parameters of the Five Open Clusters

o b
Parameter (NGC 679)) NGC 2420 NGC2682 NGC2158 NGC 7789
ne 0.41 0.36 0.46 0.48 0.24
ve 459 759 35.1 26.6 —48.0
oo 23 2.1 1.5 2.6 3.4
v ~25.6 36.7 48.2 12.0 422

o 341 357 331 224 239




Properties of NGC 6791 member stars
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Table 3 SSPP Parameters and Membership Probabilities of Selected Stars for NGC 6791

Plate MJID  Fid RA Dec RV RV err [FeH] [FeH]err SN P
(*) =) (kms™')  (ms™!) (dex) (dex)

2821 54303 179 20023318 37.69495 —451 1.0 0.03 0.05 677 092
2811 54303 493 200.73611 35.19503 =457 0.9 =007 0.02 611 092
2800 54328 496 20036243 37.83635 —451 0.3 0.18 0.08 470 092
2800 54526 482 200.57947 3792975 —45.8 0.9 .11 0.01 545 092
2800 54328 180 20022034 37.73919 —46.8 0.5 0.20 0.08 627 092
811 54303 141 20029285 37.73219 =455 1.0 0.05 0.06 478 092
2800 54329 154 29025604 37.80142 —45.2 1.3 0.13 0.04 552 0oz
2800 54532 190 20017673 37.76421 —453 1:1 0.17 0.05 511 092
2800 54328 161 20026886 3772120 —45.2 13 —0.04 0.12 303 092
2800 54328 185 200.16345 37.74368 467 0.7 0.10 0.06 G612 092
2800 5452 41 29021050 37.83430 —4561 13 023 0.13 363 092
2821 54393 173 20023404 37.72550 —454 1.2 0.08 0.08 398 092
2811 54303 174 20027458 37.76822 —46.0 | i, 0.03 0.06 375 092
2800 54328 189 29015876 37.78517 —459 1.1 0.12 0.13 387 092
2800 5452 170 20021915 37.74116 —458 13 014 0.03 644 092
2821 34303 472 20026776 37.82575 —45.6 1.0 0.14 0.09 42 6 092
2811 54303 194 200.158384 3777736 =453 1.0 0.06 0.06 480 092
2821 54303 436 290.12585 37.81327 —452 1.1 0.05 0.06 435 092
2800 54528 424 20013763 37.82031 —46.0 1.8 0.19 0.04 246 0.91
2821 534393 177 29025525 37.78111 —A4.6 1.1 0.05 0.04 407 0.91




Kimematic and Chemical Properties of Five Open Clusters Based on SDSS DR7
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Fig. 1 Histogram of membership probabilities for stars in the five open cluster regions.
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Fig. 2 (Top leff) Distributions of RVs for all stars i the region of NGC 6791; (Top right) The black
crosses indicate stars with membership probabilities P > (1.7 in the region of NGC 6791, and the
black dots ndicate stars with membership probabilities P < 0.7: (Bottom leff) Distributions of EVs
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[Fe/H] for member stars:

* Inconsistency with high-R results mﬂ—w
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Fig. 3 (Top) Distributions of [Fe/H] for all stars in the region of NGC 6791; (Bottom) Distributions
of [Fe/H] for cluster members (P > 0.7).

Kinematic and Chemical Properties of Five Open Clusters Based on SDSS DR7 767

Table 4 Comparison of the SSPP-derived Metallicities with Metallicities
Derived from Higher Resolution Spectra of the Same Stars in NGC 6791

ID RA (J20000) Dec (J20000)  [Fe/H] [Fe/H]® P
10898 19210113  +37421380 0.38+0.08 0.15+0.05 090
11814 19210427  +37471890 0344008 007+0.06 091
8082 19205280  +37453340 0.38+005 0.20+£008 092
20014 19210110  +37 46 39.60 0.40 0.08+£0.06 0.81

Notes: [Fe/H]?® are the metallicity valies based on high-resolution spectra; stars
10898, 11814 and 8082 are from Carraro et al. (2006) and star 2014 is from Gratton et
al. (2006); [Fe/H]" values are calculated by SSPP; P is the membership probability
in this work.



We concluded:

“In this work, comparing our metallicity value(0.08) for NGC 6791 with those from
high-resolution spectroscopy implies that the SSPP of DR7 has still underestimated
metallicity for stars with solar or super-solar metallicities.”



Revisited with SDSS-DRS8
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Conclusions:
e Metal rich (confirmed)
* No evident dispersion of [Fe/H] (87 members)
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Fig.4 Top left: Distribution of [Fe/1] for 274 stars; Top right: Distribution of [Fe/H] for 95 stars with
F > 0.7; Bottom left: Distribution of Fe/H| for 90 stars lying inside the tidal radius and with P > 0.7;

Bottom right: Distribution of [Fe/H] for 87 stars lying inside the tidal radius and with P > 0.7 after 3o clip



Ideas for LAMOST OC_data analysis

e ~300 OCs (r<0.8’) with observed objects >100
* LAMOST RV precision ~10km/s
=>» possible to separate when mean (OC RV - field RV) >10km/s
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