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Chapter 1

Introduction

1.1 General Scientific Introduction

1.1.1 Open Star Clusters

Stars form when a cloud of gas collapses under its own gravity. Generally, these gas clouds
are hundreds or thousands of times the mass of the Sun, resulting in the formation of
hundreds or thousands of stars. Stars formed from the same cloud are gravitationally
bound and consequently they move through the Galaxy as group. These groups of stars
are called open clusters.

Open clusters are often studied using color-magnitude diagrams (CMDs). Magnitude,
the astronomical measurement of apparent brightness, is usually measured by counting
how many photons from a star fall on a detector. Magnitude is typically measured with
a well-calibrated bandpass filter over the detector, for example the “H” bandpass filter

blocks any light outside of the range 1.5 < A < 1.8 um. The difference in magnitudes
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Figure 1.1: Color-Magnitude Diagram (CMD) for an open cluster with an isochrone fit. J-
magnitude, shown on the y-axis, is brightness, measured with the 2MASS J filter, J-K, shown
on the x-axis, is the difference in 2MASS J magnitude and 2MASS Kg magnitude, referred to
as a “color”.

measured with two different bandpass filters is called a “color”, and is in fact a numerical
representation of a color. Figure 1.1 shows an example CMD using the J and K bandpass
filters.

The green line in figure Figure 1.1 is an isochrone. A single isochrone model is
generated by evolving a population of stars of varying masses, but uniform chemical
composition, for a set period of time. If an isochrone models a star cluster CMD well,
as in Figure 1.1, it is likely the stars in that cluster match the chemical composition and

age of the isochrone.



Isochrone models are generated from stellar evolution models, thus the intrinsic
brightness, or “absolute magnitude” of the stars in the model is known. To match a
cluster, the magnitudes must be changed to reflect the apparent magnitude observed for
the cluster stars. Since brightness decreases as 7%2, where 1 is the distance to the object,
if both the apparent magnitude and absolute magnitude are known, the distance can be
found. Thus an isochrone model that fits a cluster can provide both an age and distance

estimate for that cluster.

1.1.2 Chemical Abundances in Astronomy

Spectroscopy is a powerful tool for astronomers. A spectrograph disperses light according
to its wavelength, typically using a diffraction grating, onto a detector. The detector is
calibrated carefully such that the wavelength of light falling on each pixel is known, allow-
ing the amount of light at each wavelength to be measured. The resulting measurement
of “amount of light” vs wavelength is referred to as a spectrum.

It is now well understood that atoms and molecules absorb and emit light at specific
wavelengths. These wavelengths have been precisely measured in the laboratory for
every known element. When observing astronomical objects such as stars, we look for
patterns in their spectra corresponding to specific elements. For example we know from
lab measurements that calcium absorbs light at 8498 A, 8542 A, and 8662 A, creating
a very distinctive feature. If this feature is seen in a star, it is therefore evidence of
calcium. Since stars are moving at a relatively large velocity compared to the Earth

(generally measured in km s7!), this pattern is usually seen at slightly bluer or slightly



redder wavelengths. Measuring the difference allows for the computation of a Doppler
velocity along the line of sight, referred to as radial velocity (RV).

To actually measure the relative abundance of an element in a star, a model of the
stellar atmosphere is used. This model incorporates the temperature of the atmosphere,
relative gravitational pull at the surface of the star, and the various atomic and molecular
species to be measured. Absorption at a particular wavelength is referred to as an
absorption “line”, and the list of features to be measured in a star is typically referred
to as a “line list”. It is common to include many lines for a given element to increase
the accuracy of the measured abundance. To measure the abundance of an element, the
number of atoms in the model atmosphere is varied until the amount of light absorbed

for a given line (or set of lines) matches the observed line(s).

1.1.2.1 Maetallicity and [Fe/H] Notation

When the appropriate abundance for the model atmosphere is found, the abundance is

commonly reported in a bracket notation, for example [Fe/H], defined in Equation 1.1.

NFe) (NFE>
Fe/H| =1o — ] —lo — 1.1
e = oy () —tomn (22) (L1

This notation may seem odd at a glance but is convenient on astronomical scales.
Critically, it is a relative scale. That is to say: [Fe/H] is independent of the exact
amount of iron or hydrogen in the object being measured. So a 0.1M star with the
same [Fe/H| as a 5M,, star has many fewer hydrogen and many fewer iron atoms, but

their ratio is the same; iron is relatively equally abundant in both stars. The scale is



further convenient when considering how much chemical abundance varies in astronomy.
Stars with [Fe/H]= —2 (100 times less abundant than the sun) are common, as are
stars with [Fe/H]=0.3 (2 times more abundant than the sun). When measuring elements
besides iron, it is common to use the same notation, but compare to iron instead of

hydrogen. Using “X” to represent a given element:

). oo ()
X/Fe| =1lo — | —1lo — 1.2
/P = g (5°) —omo (55 (12

Understanding the usefulness of [X/Fe] notation requires a brief discussion of stellar
life-cycles and nucleosynthesis; we do so below.

Finally a note on units. Since [Fe/H] is fundamentally a ratio, it is formally unitless.
However it is often useful to refer [Fe/H] measurements or differences in measurements
with some unit, and for this purpose astronomers often use “dex”, in reference to the

base 10 logarithm.

1.1.3 Stellar Nucleosynthesis

As matter cools after the big bang, the universe is filled with hydrogen and some helium.
Heavier elements are all formed by stars. During their lives, the massive gravitational
pressures in the cores of stars fuse light elements into heavier elements, creating the energy
that keeps gravity from collapsing them, the same energy seen as star light. In the Sun,
the pressure is only enough to fuse hydrogen into helium. Some stars will eventually
produce enough pressure in their cores to fuse elements as heavy as iron. But once a star

reaches this stage in its life, it quickly switches to forming nickel, which requires more



energy to fuse than the fusion reaction gives off. Once nickel fusion begins, the star can
no longer fight off the impending gravitational collapse, and the star collapses rapidly,
leading to a supernova.

Supernovae (SNe) are incredibly energetic events, with a sea of sub-atomic particles
moving at incredible velocities; an environment ripe for building up heavier nuclei. We
now understand supernovae to be the source of the vast majority of heavier elements.
Supernovae come mainly in two varieties: massive stars collapsing, as mentioned before,
dubbed type II SNe, and white dwarfs slowly accreting enough mass to collapse, dubbed
type Ia SNe. The nucleosynthetic yields from these explosions are an area of active
research (e.g., Nomoto et al. 2013). In general, type II SNe produce nearly all magnesium
and a majority of other “alpha” elements (atoms that build up via the fusion of alpha
particles, 3He nuclei). Type Ia SNe produce more iron than type II SNe, and a majority
of the “iron-peak” elements: Cr, Mn, Fe, Co, and Ni, so called due to their relatively
similar nucleosynthetic origins.

During star formation, stars of a variety of masses are formed. Usually at least
a handful of very massive stars will form, live short lives, and die as SNe. In their
deaths, they enrich any surrounding gas, meaning the next generation of stars will be
more abundant in the various elements produced by the supernova. Stars that aren’t
quite massive enough to collapse as type II SNe will form white dwarfs and if they can
eventually accrete enough mass, they will eventually explode as type Ia SNe; a process
that typically takes at least one billion years. In either case, star formation enriches
surrounding gas with iron and other elements. This means that a star with a fairly high

[Fe/H] will also have a fairly high [Mg/H], or [Mn/H]. It is thus often more convenient
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to measure abundances relative to iron, e.g., [Mg/Fe].

For a sense of scale, it is very unusual to measure an [Mg/Fe| as low as -1 (10x less
abundant than the sun), while it is somewhat common to measure [Mg/Fe]= 0.4. Com-
pare to [Fe/H], where it is uncommon to measure [Fe/H]= 0.4, but somewhat common
to measure [Fe/H]= —2. These scales are both very reasonable in the context of star

formation and stellar nucleosynthesis.

1.2 Probing Galactic Evolution

Understanding the detailed evolution of galaxies is one of the largest areas of research
in astronomy, encompassing a variety of sub-fields. Studies of distant galaxies provide
snapshots of entire galaxies, helping us understand structures like spiral arms. Since light
from very far away galaxies takes billions of years to reach us, studying galaxies at vastly
different distances can allow us to explore them at different points in their lives.
Detailed chemical studies of distant galaxies are nearly impossible however; even
carefully planned integral field unit spectroscopy provides no more than ~ 100 datapoints
for an entire galaxy (e.g., Bundy et al. 2015)!. Within our own galaxy though, we can
make chemical measurements of millions of individual stars, among other tracers, to
piece together a detailed portrait of Galactic chemistry. If enough tracers are observed
for which an age can be accurately determined, they can be split up to study how the

chemistry of the Galaxy has changed over time as well.

LOf course these observations are still very powerful, especially when there are thousands to compare,
as in Bundy et al. (2015), or when they are interpreted in context with our Galaxy.



1.2.1 Galactic Chemical Modeling

Galactic chemical evolution (GCE) models attempt to reproduce the observed chemical
abundance trends in the Galaxy. They account for processes we know vary between
galaxies (by studying distant galaxies), such as star-formation rate and gas infall rate.
By varying some number of input parameters such that the current day chemical trends
match observed trends, these models attempt to reconstruct the history of the Galaxy.

Recent models, such as the Chiappini (2009) model, often include a large gas infall
early in the life of the Galaxy, but account for the steady accretion of more gas in recent
times. By taking into account feedback processes, such as supernovae, these models
increasingly accurately predict the observed distribution of stellar chemical abundances.

Minchev et al. (2013; 2014, MCM) use a more complicated simulation (focusing on
gravitational interaction of gas and dark matter in galaxies) to track the movement
of “particles”? along with the chemical evolution model of Chiappini (2009). This is
necessary to account for the radial migration of massive objects, which has been shown
to move stars far from their birth radius (e.g., Hayden et al. 2015).

The MCM model finally provides a full, 3 dimensional portrait of the evolution
of the Galaxy. Such models predict quantifiable observable constraints, such as the
rate of change of chemical enrichment moving away from the center of the Galaxy
(d[Fe/H]/dRgc), dubbed the Galactic metallicity gradient. The evolution of this trend
over time is an even more valuable, and likely more reliable constraint, as will be dis-

cussed in §3.7.1. Indeed it is now common to split observational results into age bins

2Here “particle” refers the smallest resolved unit in their simulation, in this case ~ 150 pc in size,
with a mass of 10475 M.



when comparing with GCE models (e.g., Anders et al. 2017, Casamiquela et al. 2019). A
key question then in comparing to galactic evolution models is: what are the abundance
gradients in the Galactic disk, and how do they vary as a function of the age and location

of the tracer population?

1.2.2 Observing the Galactic Abundance Gradient

Star clusters provide an age-datable tracer for measuring the growth and evolution of
the Galaxy, and have been used to measure the Galactic radial abundance gradient since
the Janes (1979) study. The Galactic abundance gradient tends to be fit by a single
linear gradient (e.g. Friel & Janes 1993, Friel 1995, Carraro et al. 1998, Friel et al. 2002),
though the usage of two intercepting linear functions is becoming increasingly common
(e.g. Bragaglia et al. 2008, Sestito et al. 2008, Friel et al. 2010, Carrera & Pancino 2011,
Reddy et al. 2016).

Galactic trends in elements besides iron have been reported (e.g., Yong et al. 2005,
Friel et al. 2010, Jacobson et al. 2011). Trend lines are commonly fit for a-elements
(e.g., Carrera & Pancino 2011, Yong et al. 2012, Reddy et al. 2016), and in some cases
for other elements, such as [Ni/Fe|, [Cr/Fe|, and [V/Fe] (Casamiquela et al. 2019) or
[Na/Fe] and [Al/Fe] (Yong et al. 2012). There is a growing consensus that there is a mild
positive [a/Fe] versus Rge trend in the inner galaxy, similar to some chemodynamical
model predictions (see Minchev et al. 2014).

Recent work using open clusters has consistently found a metallicity gradient (d[Fe/H|/dRg¢)

between roughly —0.05 dex kpc™ (Reddy et al. 2016) and —0.09 dex kpc™! (Yong et al.



2012, Friel 1995, Carraro et al. 1998) for clusters between 6 kpc < Rge < 14 kpe. Others
have reported qualitatively similar trends, but do not quote a metallicity gradient mea-
surement (Donati et al. 2015, Magrini et al. 2015; 2017, Casamiquela et al. 2017). But
while the general negative shape of the abundance trend is well agreed upon, no consen-
sus has been reached on the steepness of the gradient. Carrera & Pancino (2011) shed
some light on this discrepancy by showing the difference between a gradient measured to
Ree = 12.5 kpe (—0.070 4 0.005) and all the way to Rge = 25 kpe (—0.046 + 0.010);
Frinchaboy et al. (2013) show a similar discrepancy using [M/H].

Another unavoidable problem that has made this measurement difficult is systematic
offsets between studies of chemical abundance and distance. This inevitably introduces
some systematic uncertainties when a compilation of results from the literature is used.
Recent work has sought to correct for systematic uncertainties uncertainties by “homogo-
nizing” their samples. Reddy et al. (2016) take equivalent width measurements from the
literature, but use a uniform line list for their analysis. (Netopil et al. 2016) homogenized
a large photometric sample using a literature compilation of high-resolution spectroscopic
studies, however they do not homogenize the spectroscopic studies.

This work presents an important contribution to the field by utilizing a homogeneous
spectroscopic data set, with all stars observed by the same telescope and analyzed with
the same abundance analysis pipeline: the Apache Point Observatory Galactic Evolution
Experiment (APOGEE; Majewski et al. 2017). In Chapter 2 we present a high reliability
sample of stars from APOGEE Data Release 14 (DR14) that are open cluster members
along with bulk cluster parameters, and we use this sample, the Open Cluster Chemical

Abundance and Mapping (OCCAM) sample, to measure Galactic abundance gradients.
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1.2.3 The Evolution of the Abundance Gradient

Since open clusters can range in age from a few Myr to more than 6 Gyr, they also
provide a unique opportunity to study the evolution of Galactic abundance gradients. A
number of authors have measured metallicity gradients for open clusters in various age
bins (e.g., Carraro et al. 1998, Friel et al. 2002, Jacobson et al. 2011, Carrera & Pancino
2011, Cunha et al. 2016), and while all studies agree that the gradient is shallower for
younger clusters, further comparison is difficult due to a somewhat heterogeneous choice
of age bins; there does not seem to be a consensus as to the measured gradient for clusters
of any given age range.

Indeed, there are indications the picture is even more complicated. While open clus-
ters have the advantage of precise age estimates, there are complexities that must be
considered when using them to probe Galactic evolution. Anders et al. (2017) suggest
open clusters in the inner galaxy are more likely to be broken up, leading to samples
significantly biased towards younger clusters.

In Chapter 3, we will present the expanded OCCAM sample based on results from
the Sloan Digital Sky Survey (SDSS) IV Apache APOGEE 2 (Majewski et al. 2017) Data
Release 16 (DR16) (Ahumada et al. 2019, Jonsson et al., submitted). We discuss this
sample in comparison to the very high quality sample that used SDSS IV DR14 results
(Chapter 2), as well as other results from the literature. We then explore Galactic trends
in [Fe/H], o elements, iron-peak elements, and all other elements reported by APOGEE
as a function of Galactocentric distance. We finally break the sample in age bins to

explore changes in radial abundance trends over time.
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1.2.4 On Radial Migration

The gradual movement of stars away from their birth radius in the Galaxy has long been
predicted by simulations (e.g., Raboud et al. 1998). There is now strong observational
evidence of radial migration in stellar populations as well; Hayden et al. (2015) found
good agreement between observations and the MCM model. The effects of radial migra-
tion have been characterized fairly well. Minchev et al. (2018) prescribe a formula for
estimating the birth radius of a given star which agrees reasonably well with observations.

It is not clear if clusters migrate in the same way as stars. Stars can migrate inward
or outward a considerable distance, interacting mainly with the gravitational potential of
spiral arms (e.g., Sellwood 2014). However, an open cluster is not a dense point-like mass;
open clusters are multiple parsecs across with hundreds or thousands of stars interacting
gravitationally. Therefore, the interaction of an open cluster with a spiral arm is much
more complicated than an individual star. Spiral arms are more dense near the center of
the Galaxy, so a cluster migrating inward is more likely to encounter them.

It is not unlikely then that clusters migrating inward are more likely to be disrupted
by interactions with spiral arms. This explanation is offered by Anders et al. (2017).
This prediction is bolstered by the relative lack of older star clusters. In any catalog of
star clusters (e.g., Dias et al. 2002, Kharchenko et al. 2013, Cantat-Gaudin et al. 2020),
there are vastly more clusters younger than 1 Gyr than older.

Simulations are of little help for this problem. With particle sizes on the order of the
mass of a star cluster (10*7°M,), simulations cannot predict the dissolution of a cluster.

Another key question is then: do clusters participate in radial migration in the Galactic

12



disk, and what effect does this have on analysis of Galactic Chemical Trends? In Chapter

4, we will explore recent efforts to quantify star cluster migration.
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Chapter 2

Methodology and the Very High

Quality Sample

2.1 OCCAM Target Selection

The OCCAM survey includes targets selected in two different ways. First, we selected
known members of a subset of open clusters that were observed for calibration purposes.
Stars with previous abundance determinations (e.g., Cohen 1980, Origlia et al. 2006, Car-
retta et al. 2007, Carraro et al. 2006, Bragaglia et al. 2001, Yong et al. 2005, TautvaiSiene
et al. 2000, Pancino et al. 2010, Basu et al. 2011, Smith & Suntzeff 1987) and/or high
quality RV-based membership studies (e.g., Hole et al. 2009, Geller et al. 2008; 2010,
Mermilliod et al. 2008) were targeted. These calibration cluster targets can be identified
in DR14 though a specific targeting flag (apogee_target2 = 10 and/or apogee2_target?2

= 10; Zasowski et al. 2013; 2017). The second method selected “likely” cluster targets
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based upon their location in the cluster color-magnitude diagram (CMD) using the colors
in the surveys 2MASS (Cutri et al. 2003) and WISE (Wright et al. 2010).

The combination of 2MASS and WISE photometry allows for a direct assessment of
the line-of-sight reddening to any particular star. The long wavelength regime of spectral
energy distributions (SEDs) of stars have the same Rayleigh-Jeans shape, equivalent to
saying that the Vega-based, intrinsic colors of all stars are nearly constant for the correct
combination of filters, as seen in Figure 5 of Majewski et al. (2011). Thus, the observed
mid-IR colors contain information on the reddening to a star explicitly, whereas the NIR
SEDs contain information on the stellar types.

By assuming constancy of the intrinsic stellar (H—4.5um) colors in the Rayleigh-
Jeans regime, E(H—4.5um), the “color excess” caused by dust along the line of site for
the (H—4.5um) color, is derived directly from the observed (H—4.5um) color (Majewski
et al. 2011). The spread from different populations in a cluster, red giant branch, red
clump and main sequence, is minimized for this combination yielding an intrinsic spread
of less than 0.09 mag in color for all but the reddest and bluest stars. Since the primary
purpose in using this technique is to “clean” the cluster from the field, small systematics
are not a concern. Also, the reddest main sequence stars that would belong to a cluster
are too faint for these surveys.

Frinchaboy et al. (2010) devised a technique to utilize the extinction (Ag,) derived
from the Rayleigh-Jeans Color Excess (RJCE) technique to distinguish and isolate cluster
stars from foreground and background contamination. This technique consists of isolating
a region of approximately twice the cluster’s catalog radius (Rp;.s; Dias et al. 2002) and

dividing it into five regions (see Figure 2.1a). We utilize four “field” regions and the
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Figure 2.1: Sample analysis for the cluster King 7 utilizing 2MASS+WISE data (Frinchaboy
et al. 2010). a) Galactic latitude and longitude for all stars (gray) within the 2R, area to be
analyzed, stars selected to be likely members from the photometry extinction analysis are shown
in black. Prime APOGEE targets are circled. b) Distribution of Ak, for all stars in the NGC
6802 sample area, black points denote stars with 1.1R. within the determined mean cluster
Ag, range. c¢) Color-magnitude diagram (CMD) for all stars in the analysis area (gray). The
dashed box denotes the SDSS-III/APOGEE target selection region. Black points denote stars
selected as likely members from their A . d) CMD of only likely cluster members overplotted
with the Padova Isochrone (Marigo et al. 2008) using the clusters parameters from Dias et al.
(2002). Circled stars denote identified high-probability stars for APOGEE target selection (also
see the sky distribution (a)).
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cluster region (radius = Rp.s). The field is divided in order to account for dust clouds
and any other source of background variability.

We subtract the median area-scaled “field” star density from the “cluster” star num-
bers within a given Ay, range, and scan this range across all available A, values that
have at least 15 stars (see Figure 2.1b). The window of extinction with the highest
concentration of stars within the inner radius will reveal the cluster (Figure 2.1c & d).
We then optimize the cluster isolation surveying a grid of Ax, width, Ak, stepsize, and
allowed 04, values.

We present a demonstration of this technique utilizing the cluster King 7, shown in
Figure 2.1. Figure 2.1a first shows the area explored by our analysis in Galactic latitude
and longitude. As described above, we selected likely cluster members utilizing the
Ak,, as shown in Figure 2.1b. For King 7, we find a low, but non-negligible extinction
or reddening to the cluster. A CMD of this cluster (Figure 2.1c) is generated which
highlights the member stars with Ag, values within the selected window of extinction,
where the dashed box denotes the area where the SDSS/APOGEE project selects targets
(8.0 < H < 12.2 and J — Kg > 0.5). Finally, we compare our “cleaned” cluster CMD
to the Padova isochrone (Bressan et al. 2012) utilizing catalog values (Dias et al. 2002)
for King 7 and find a good match. By comparing the CMD with isochrone values, when
available, we are able to isolate candidate open cluster stars with a high probability for
membership. The APOGEE project requires this cleaning for most clusters for three
reasons. 1) Most open clusters are found at low Galactic latitude and thereby are heavily
contaminated with field stars. 2) Due to the large SDSS telescope field of view (Gunn

et al. 2006), the minimum fiber-to-fiber distance is fairly large (> 1 arcmin), which only
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allows for the targeting of a handful of stars (~ 5 — 10) per cluster for the most poorly
studied, distant, and reddened clusters. 3) Prior to Gaia the proper motion data required
for high-quality reliable membership determinations were only available for a few clusters.
Likely open cluster members selected by this method are identified in DR14 (Abolfathi
et al. 2018), and previous DRs (10,12,13) through specific targeting flag (apogee_target1

= 9 and/or apogee2_targetl = 9; Zasowski et al. 2013; 2017)*.

2.2 Analysis

2.2.1 OCCAM Observed Stars in SDSS4 DR14

The primary spectroscopic data for OCCAM comes from the APOGEE survey (Majew-
ski et al. 2017), which is part of the SDSS III and IV surveys (Eisenstein et al. 2011,
Blanton et al. 2017), utilizing the 2.5m Sloan Foundation telescope (Gunn et al. 2006)
at Apache Point Observatory. APOGEE is a near-infrared (1.514 pm to 1.696 pm)
spectroscopic survey, primarily focusing on the galactic disk (Zasowski et al. 2013; 2017).
The survey uses multi-fiber spectrographs (Wilson et al. 2012), allowing for simultaneous
observations of 300 stars.

The APOGEE data reduction pipeline (Nidever et al. 2015, Holtzman et al. 2015)
provides high precision RVs. Stellar parameters (Tess , logg, [M/H], [C/M], [N/M],
[a/M]), and detailed abundances for individual elements, such as, Fe, C, N, O, Al, Si,

Ca, Ni, Na, S, Ti, Mn, K, and Cu, are derived automatically by the APOGEE Stellar

'We did not limit our analysis to stars with just these targeting flags. Random field stars and
additional specific targeted cluster programs, and other calibration flags may also apply to the targets
analyzed here.
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Parameter and Chemical Abundance Pipeline (ASPCAP) pipeline (Garcia Pérez et al.
2016). The APOGEE survey provides the uniform chemical data and reduction pipeline
that underpin this study of open cluster members.

The targets selected for analysis were observed from August 2011 to July 2014
(APOGEE-1), and from July 2014 to July 2016 (APOGEE-2). These data were re-
leased as part of the 14th Data Release of SDSS (DR14; Abolfathi et al. 2018), which
included APOGEE data for over 250,000 stars. All APOGEE data, from the beginning
of APOGEE-1, were reduced using the latest data reduction pipeline (full description of
this pipeline is presented in Holtzman et al. (2018)). For this study, we analyzed all stars
within 2x the cluster radius (Kharchenko et al. 2013) for 19 clusters that resulted in a
sample of 1361 stars. This entire sample is listed in Table 2.1 for reference, along with

our final membership probabilities and a classification for each star (§2.2.2).

2.2.2 OCCAM Membership Criteria

Using the stellar radial velocities and derived metallicities as initial discriminators, APOGEE
data alone can provide a first guess at cluster membership based on the “bulk” RV and
[Fe/H] for the cluster region on the sky and comparing each star to the average values.
We then further constrain the membership using proper motions measured by Gaia (Gaia

Collaboration et al. 2016; 2018, Lindegren et al. 2018).

2.2.2.1 Quantifying Membership Probability

The “bulk” behavior is found by convolving all measurements using a Gaussian kernel

smoothing routine, based on the methods from Frinchaboy & Majewski (2008). The
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first analysis is in RV. In order to distinguish the cluster from field stars, 2 samples are
computed: (1) stars within 2 cluster radii (from Kharchenko et al. 2013, except where we
enforced a minimum radius of 5 arcminutes) of the cluster center, and (2) stars between
1 and 2 cluster radii of the center. The results from the “outer” stars are subtracted
from the “total” result, leaving a peak where the cluster stars fall, as seen in Figure 2.2e
(in blue).

Table 2.1: OCCAM sample from APOGEE data used for membership analysis

Cluster 2MASS ID RV [Fe/H] Lo s RV  [Fe/H PM  Memb
name (km s—1) (dex) (mas yr—1) (mas yr~—1) Prob Prob Prob

NGC 6819 2M194014024-4016306 —56.4+0.0 +0.06+0.01 —5.85+0.03 —9.04+0.03 0.00 0.00 0.00 NM
NGC 6819 2M194014664-4004598 —18.940.0 —0.03%+0.01 +50.964+0.04 +99.8240.04 0.00 —1.00 0.00 NM
NGC 6819 2M194019374-4015495 —52.3+0.2 —0.35+0.01 —5.93+0.03 —6.26+0.03 0.00 0.00 0.00 NM
NGC 6819 2M194022844-4006008 —50.3%+0.1 —0.3440.01 —1.60£0.03 —2.91+0.03 0.00 0.00 0.00 NM
NGC 6819 2M19403569+4-4005038 +2.74+0.1 —0.45+0.01 —3.76+0.03 —3.46+0.03 0.00 0.00 0.00 NM
NGC 6819 2M194036844-4015172 +2.1£0.0 +0.154+0.01 —3.00£0.03 —3.66+0.03 0.00 0.00 0.54 NM
NGC 6819 2M19404262+4-4003043 —35.240.1 +0.07+0.01 —4.36+0.04 —19.134+0.04 0.00 0.00 0.00 NM
NGC 6819 2M194043414-4020235 —11.84+16.3 —0.01+0.01 +0.65+0.09 —3.89+0.09 0.00 —1.00 0.00 NM
NGC 6819 2M194048034-4008085 +2.440.1 +0.09+0.01 —2.98+0.04 —3.83+0.04 1.00 0.82 0.94 GM
NGC 6819 2M194049654-4014313 +3.1£0.0 +0.124+0.01 —2.84+0.03 —3.72+0.03 0.96 0.94 0.70 GM
NGC 6819 2M19405020+4-4013109 +4.34+0.0 +0.15+0.01 —3.03+0.04 —3.844+0.04 0.67 0.59 0.85 GM

2 Table 2.1 is published in its entirety in Appendix A, with 1361 stars.

The process is repeated for [Fe/H], seen in Figure 2.2f (in blue) this time subtracting
the stars farther than 3o from the cluster RV previously identified from the whole field (o
is small in practice, thus 3¢ is appropriate for keeping cluster stars without including field
stars incidentally close in RV space). If there are at least two APOGEE stars that are
cluster members, the smoothing routine will leave behind a larger peak where their values
combined. The shape is approximately Gaussian, so a Gaussian profile is fit for both RV
and [Fe/H]. When normalized, this Gaussian fit can be used as a membership probability

distribution in RV or [Fe/H] space, seen in Figure 2.2e & f (overlaid in orange).
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Figure 2.2: A summary of the membership analysis for open cluster NGC 7789. The complete
figure set (19 images) is available in Appendix E. (a) The Gaia CMD (Gaia Collaboration et al.
2018, Riello et al. 2018), with proper motion members shown in black, others in gray. Likely
APOGEE members are shown as orange stars, non-members as blue squares, and APOGEE
stars passing an RV and proper motion membership cut, but failing a log(g) cut for metallicity
reliability are shown as red circles. (b) The T¢ry — log(g) diagram for the cluster with an
isochrone based on MWSC Catalog ages (Kharchenko et al. 2013) shown for reference. Error
bars shown are characteristic, and a possible global offset in log(g) is seen. (c) The cluster
area on the sky. (d) A contour plot of the 2D Gaussian fit to the kernel smoothed proper
motions. Contours show 1o intervals. (e) The Gaussian kernel density convolution in RV, with
a Gaussian fit shown in orange. (f) The Gaussian kernel density convolution in [Fe/H], with a
Gaussian fit shown in orange.
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Using proper motion data from Gaia DR2 (Gaia Collaboration et al. 2016; 2018,
Lindegren et al. 2018), a 2-dimensional Gaussian smoothing routine is applied in the
2-dimensional proper motion space (proper motion in right ascension and proper motion
in declination). Again, 2 samples are computed: (1) all stars within twice the cluster
radius and (2) stars outside the cluster’s radius, then the outside sample (2) is subtracted
from the full sample (1). A 2D Gaussian is fit to the remaining peak and membership
probabilities are assigned, shown in Figure 2.2d.

Finally, a 3o criterion is adopted for likely membership: a star with parameters falling
within 30 of the cluster mean in [Fe/H], RV, and proper motion is considered a likely
member of the cluster. Due to diffusion effects that are present in the abundances of
main-sequence and turn-off stars (Souto et al. 2018), and the lack of calibrated DR14
abundances for dwarfs observed in the APOGEE survey (Holtzman et al. 2018, Abol-
fathi et al. 2018), we restricted our final sample to stars having log(g) 5 3.7. Stars
passing an RV and proper motion membership cut but falling above the log(g) ~ 3.7 cut
are identified as dwarf members (“DM”)?, while those falling below the log(g) cut are
identified as giant members (“GM”). Only the giant members are included in the final
OCCAM sample. All stars not falling into either the DM or GM category are identified
as non-members (“NM”). Table 2.1 shows the sample of stars used, with the relevant
stellar parameters used and final membership determinations. The 19 clusters studied in

this work were chosen because they had at least 4 member giant stars.

2We note the existence of a few stars with missing calibrated log(g) values that consequently fail
our log(g) cut, even though they are likely giant members, which result in a “dwarf member” (DM)
classification.
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2.2.2.2 Verifying Membership

Figure 2.2a shows the CMD for NGC 7789, with identified APOGEE members shown in
orange and non-members in blue; 2.2c shows the cluster area on the sky for reference.
While some members may have been falsely rejected, obvious non-members are clearly
rejected. The T¢r; —log(g) diagram in Figure 2.2b shows likely members where they are
expected. Figure 2.2d shows a proper motion contour plot, from the 2D Gaussian fit
discussed above, that shows members where they are expected. Figure 2.2d also shows
some proper motion members rejected for RV and/or metallicity.

All APOGEE cluster and star data, including membership probabilities and abun-
dances plus bulk cluster properties, were released as part of a SDSS DR14 mini-data
release in July 2018. The catalogs are available at: http://www.sdss.org/dr14/data_

access/value-added-catalogs/

Table 2.2: OCCAM Data Sample

Cluster 1 b Radius Age Rgo Ba ©s RV [Fe/H] Member
name (deg) (deg) ) Gyr (kpc) (mas yr—1) (mas yr~1) (km s—1) (dex) stars

NGC 6791 69.9658 +10.9080 6.3 4.42 7.70 —0.4240.25 —2.284+0.29 —47.3+1.4 +0.42+0.05 31
NGC 6819 73.9834 +8.4882 6.9 1.62 7.70 —2.92+0.18 —3.86+0.20 +2.44+1.7 +0.11+0.03 36
NGC 6811 79.2233 +12.0047 7.2 0.64 7.87 —3.39+0.17 —8.78+0.18 +7.840.3 —0.01+0.02 4
Berkeley 53 90.3051 +3.7555 7.5 1.23 8.90 —3.77£0.39 —5.69+0.34 —36.31+0.5 —0.00+0.02 5
NGC 7789 115.5392 —5.3644 14.4 1.84 9.13 —0.93+0.19 —1.934+0.20 —54.7+£1.3 +0.05+0.03 17
FSR 0494 120.0882 +1.0206 5.7 2.00 10.60 —2.45+0.48 —0.65+0.48 —63.3+1.5 +0.01+0.02 5
NGC 188 122.8416 +22.3840 17.7 4.47 9.06 —2.31+0.19 —0.96+0.16 —41.5+1.1 +0.14+0.03 13
1C 166 130.0502 —0.1616 7.5 1.00 11.47 —1.46+£0.15 +1.13£0.28 —40.5+1.5 —0.06+0.02 15
Berkeley 66 139.4199 +0.1803 3.3 1.41 11.55 —0.14+0.61 +0.01£0.69 —50.1£0.3 —0.13+0.02 6
King 5 143.7732 —4.2760 8.4 1.23 10.01 —0.26+0.28 —1.16+0.29 —44.3+1.5 —0.11+0.02 5
NGC 1245 146.6533 —8.9081 11.4  1.06 10.66 +0.52+0.23 —1.57+0.19 —29.2+0.8 —0.06+0.02 23
King 7 149.7993 —1.0215 11.1 0.71 10.54 +1.07£0.55 —1.21+0.42 —11.94£2.0 —0.05+0.02 4
NGC 1798 160.6994 +4.8502 5.4  2.00 12.50 +0.89+0.33 —0.33£0.31 +2.0£1.7 —0.18+0.02 9
Berkeley 17 175.6574 —3.6494 7.2 3.98 11.08 +2.55+0.41 —0.32+0.27 —73.44£0.4 —0.11+0.03 7
Berkeley 71 176.6384 +0.8936 4.8 1.05 11.51 +0.68+0.36 —1.62+0.46 —8.7+2.3 —0.20+£0.03 7
Teutsch 51 182.7401 +0.4760 2.7 0.53 11.68 +0.56+0.29 —0.34+0.34 +17.0+£1.4 —0.284+0.03 5
NGC 2158 186.6394 +1.7807 8.4 2.14 12.41 —0.18+0.32 —2.01+0.25 +27.5£1.5 —0.15+0.03 18
NGC 2420 198.1134 +19.6318 7.5 2.32 10.25 —1.1940.22 —2.13+0.18 +74.240.5 —0.124+0.02 15
NGC 2682 215.6906 +31.9221 33.0 3.43 8.60 —10.9740.24 —2.95+0.24 +33.8£1.0 +0.07+0.03 35
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2.2.3 Measured Cluster Bulk Abundances

A “high reliability” criterion is adopted for a cluster to be included in our sample: 4 or
more likely member stars, as determined above. This resulted in a total sample of 259
member stars in 19 clusters used for the analysis of galactic abundance gradients.

The final value for [Fe/H] used for computing metallicity gradients is taken to be
the mean metallicity of the likely members. The uncertainty on this value is taken
to be the standard deviation of the mean metallicity for the cluster. We note that the
uncertainties in the metallicities for the individual stars as reported in DR14 are typically
~ 0.01 dex, which may be an underestimation. We therefore disregard these uncertainties
in our consideration of the uncertainty in the cluster metallicity. We find the majority
of clusters have an uncertainty of 0.02-0.03 dex, with the exception of one cluster (King
7), which has a standard deviation of only 0.01; we therefore enforce a more conservative
0.02 dex uncertainty for this cluster. Our final sample, assuming a solar distance to
the Galactic center of 8 kpc and using the median distance to likely members (stellar
distances are taken from Bailer-Jones et al. 2018; this is discussed in detail in §2.4.3), is

presented in Table 2.2.

2.3 Cluster [Fe/H] in Comparison to previous work

In order to place our results in the context of previous work, we conducted a detailed
comparison of well-studied clusters from the literature: NGC 188, NGC 2682, NGC 2420,

NGC 6791, NGC 6819, and NGC 7789, presented in Figure 2.3 and discussed below.
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Figure 2.3: A comparison to commonly studied clusters in the literature (A[Fe/H] =
literature-OCCAM). The gray bar indicates the internal 1o standard deviation for stars
in each cluster from our data.

2.3.1 NGC 2682 (M67)

Figure 2.3 shows that all of the literature values (O’Connell et al. submitted; Tautvaisiene
et al. 2000, Yong et al. 2005, Pancino et al. 2010, Friel et al. 2010, Jacobson et al. 2011,
Reddy et al. 2013, Casamiquela et al. 2017) for M67 agree within quoted uncertainties,
except for the lowest metallicity value from Reddy et al. (2013), in which the authors note
a possible metal-poor offset from the literature. The mean difference from the literature

values is A[Fe/H|= —0.06 £ 0.04 dex for this cluster.

2.3.2 NGC 188

We find that three studies (O’Connell et al. submitted; Friel et al. 2010, Overbeek et al.
2016) are in agreement with our results, however we find significant differences with
Jacobson et al. (2011) and Casamiquela et al. (2017). The mean difference from the
literature is A[Fe/H]= —0.09 £ 0.06 dex for this cluster, the highest of the commonly

studied clusters analyzed.
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2.3.3 NGC 6791

We find general agreement with all but one of the literature values considered (Casamiquela
et al. 2017, finds a significantly lower metallicity), and note the majority of literature
values (O’Connell et al. submitted; Origlia et al. 2006, Carretta et al. 2007, Carraro et al.
2006, Bragaglia et al. 2014, Cunha et al. 2015) again fall slightly below ours, with a mean
difference from the literature of A[Fe/H]= —0.06 £+ 0.08 dex. We hypothesize that this
may be due to a poor calibration in the metal-rich end of the APOGEE calibrations,
as Cunha et al. (2015) using APOGEE spectra of many of the same stars for a detailed
individual analysis found a lower metallicity ([Fe/H] = 0.34 £+ 0.06) as compared with
our DR14 pipeline value ([Fe/H] = 0.42 £+ 0.05). We note, however, that Cunha et al.
(2015) used an older version of the ASPCAP line list than the DR14 results, and that
the Cunha et al. (2015) results agree within the uncertainties given the changes in the

line list.

2.3.4 NGC 2420, NGC 6819, and NGC 7789

Nearly all of the literature results are in good agreement with ours, with the exception
of Pancino et al. 2010 for NGC 2420, which quotes particularly small errors. The other
results (O’Connell et al. submitted; Jacobson et al. 2011, Casamiquela et al. 2017) are
consistent within their uncertainties, and we note in particular the close agreement with
Souto et al. 2016, who completed a by-hand analysis of the same APOGEE spectra of
12 giant stars in cluster. The mean differences from the literature are —0.02 £ 0.05,

—0.05 £ 0.04, and —0.03 £ 0.04 for NGC 2420, NGC 6819 (O’Connell et al. submitted;
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Bragaglia et al. 2001, Casamiquela et al. 2017), and NGC 7789 (O’Connell et al. submit-
ted; TautvaiSiene et al. 2000, Pancino et al. 2010, Jacobson et al. 2011, Overbeek et al.

2016, Casamiquela et al. 2017) respectively.

2.3.5 APOGEE DR14 vs. Literature Trends

The comparison for NGC 188, NGC 6791, and NGC 2682 clearly shows the majority of
literature values are more metal poor than our adopted values. The other clusters agree
on the direction of the offset, but suggest it is not severe. Jonsson et al. (2018) compared
to optical studies for 525 stars in common with APOGEE. They find an average difference
(in the sense literature — APOGEE) of —0.04 4 0.010 dex. From our comparison of 6
open clusters to 17 studies in the literature (Figure 2.3), we find a mean difference (in
the sense literature — APOGEE) of A[Fe/H]— = 0.05 £ 0.06. Both our analysis and the
analysis of Jonsson et al. (2018) suggest the possibility of a slight global metal-rich offset
in the APOGEE DR14 sample, but both analyses are consistent with no offset from
the literature. Still, we emphasize that when using only the APOGEE DR14 sample
for analysis, any global offset, minor or otherwise, will have no significant effect on the

results of a gradient measurement.

2.4 Galactic Metallicity Gradients

The uniform OCCAM sample of 259 member stars in 19 open clusters was used to
measure the Galactic metallicity gradient. The sample covers the disc from Rge ~ 7 to

13 kpc with no major gaps.
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Figure 2.4: The high reliability metallicity gradients using APOGEE clusters. Dotted

lines are shown for reference at R; = 8 kpc and [Fe/H] = 0 dex. (a) shows the entire
sample and (b) shows the sample with the very metal-rich NGC 6791 removed.

In addition to uniform abundances, a uniform Rge analysis is desirable. We con-
sidered 4 sources for cluster distances, discussed in detail in §2.4.3. We use distances
computed from the Bailer-Jones Catalog (Bailer-Jones et al. 2018) for the gradients we

present below.

2.4.1 Error Analysis

The scatter in the abundance gradients necessitates some reliable determination of the
uncertainty in any quoted gradient. A re-sampling routine is used to estimate the error
in gradients. The gradient is determined 2000 times, each time using a randomly de-
termined [Fe/H] for each cluster, sampled from a standard normal distribution within

their uncertainties. The mean of the resulting sample of 2000 gradients is adopted, and
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the standard deviation is taken as the uncertainty. A check was made against the y?
minimum error for a straight line fit in each case; it was found that in every case, our
error estimation was larger than this minimum. These are the uncertainties quoted for

all the gradients we present.

2.4.2 NGC 6791 and the metallicity gradient

The overall metallicity gradient with the entire sample included, is found to be —0.079 &
0.005 dex kpc™! (Figure 2.4a). We note that NGC 6791 is very metal rich, fairly old,
and relatively far from the Galactic plane. Previous work using APOGEE data has
suggested it likely migrated to its current location (Linden et al. 2017). Since it is likely
not representative of the region of the Galaxy in which it currently resides, we exclude
it from further analysis. Previous work including NGC 6791 such as Carraro et al.
(1998), Friel et al. (2002), used a much lower value for [Fe/H] (+0.19 dex and +0.11 dex
respectively), low enough to be in disagreement with most recent studies. Even Reddy
et al. (2016) used a lower value for NGC 6791 (+0.24 dex). Jacobson et al. (2011) note
that it strongly influences the gradient. Removing NGC 6791 gives a final metallicity
gradient, from the full OCCAM high-reliability sample, of —0.061 £ 0.004 dex kpc™!

(Figure 2.4Db).
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Table 2.3: A summary of reported spectroscopic metallicity gradients.

Study dex kpc™! # study # total range
(kpe)
Carraro et al. (1998) —0.085 £+ 0.008 0 37 7-16
Friel et al. (2002) —0.06 =+ 0.01 24 39 7-16
Carrera & Pancino (2011)° —0.070 £+ 0.010 9 89 6-12.5
Jacobson et al. (2011) —0.085 £+ 0.019 10 19 9-13
Yong et al. (2012)* —0.09 =+ 0.01 5 49 6-13
Reddy et al. (2016)“ —0.052 + 0.011 28 79 512
This Study —0.061 £ 0.004 18 18 7-12

& These studies fit a two-function gradient. We quote only the gradient measured

for the inner sample, as we only discuss this measurement.

2.4.3 Distance Effects on the Gradient

The metallicity gradients are highly susceptible to systematic differences in the distance
values used. We considered 4 sources of distances: 1) the Dias Catalog (Dias et al.
2002), which is a compilation of distances from the literature, 2) the MWSC Catalog
(Kharchenko et al. 2013), which independently measured distances to each cluster, 3)
inverse-parallax (Gaia Collaboration et al. 2018, Lindegren et al. 2018), accounting for
a 0.08 milli-arcsecond offset (Stassun & Torres 2018), and 4) the Bailer-Jones catalog
(Bailer-Jones et al. 2018), which used the same parallax measurements combined with
a geometric prior to compute distances to nearly every star in Gaia DR2. Table 2.4
shows a summary of Rge using these 4 sources for distance, while Figure 2.5 shows the

d[Fe/H]/dRgc gradient computed using different distance catalogs/methods.
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Figure 2.5: The galactic metallicity gradient computed using values from the Dias Catalog
(Dias et al. 2002), the MWSC Catalog (Kharchenko et al. 2013), inverse-parallax (Gaia
Collaboration et al. 2018, Lindegren et al. 2018), and the Bailer-Jones catalog (Bailer-
Jones et al. 2018).
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Not surprisingly, the parallax and Bailer-Jones et al. (2018) distances are fairly sim-
ilar, at least for relatively nearby clusters, yet still: the gradient measurements are in-
compatible. The Dias Catalog and MWSC Catalog distances are similar for a number of
clusters, but for clusters at higher Rge they tend to be larger than (Bailer-Jones et al.
2018) or parallax, leading to a shallower gradient result for both catalogs. The Dias
Catalog and MWSC Catalog gradients are barely in agreement within the uncertainties.

The MWSC Catalog recomputed distances for every cluster, and thus is internally
consistent. The parallax distances and (Bailer-Jones et al. 2018) distances are internally
consistent as well. But there is a clear discrepancy between these 3 data sets. The
Bailer-Jones geometric distances should be the most accurate for nearby clusters, since
they are based on Gaia parallaxes. Considering clusters within 7 kpc < Rge < 10 kpc,
the MWSC Catalog distances are in good agreement with Bailer-Jones distances. For
some more distant clusters, significant discrepancies exist (e.g Berkeley 66 and Berkeley
17), while many remain in good agreement. At this time, we have no strong evidence
to distrust one catalog over the other at larger distances, but a decision must be made.
Looking at the 2 clusters with very discrepant MWSC Catalog distances (Berkeley 66
and Berkeley 17), we see they also disagree significantly with the Dias Catalog, so for

this study, we adopt distances from (Bailer-Jones et al. 2018).
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Table 2.4: Rge calculated using different distance sources

Cluster Race Ree Reae Reae
name Dias MWSC Parallax Bailer-Jones
(kpc) (kpc) (kpc) (kpc)

NGC 6791 7.83 7.80 7.57 7.70
NGC 6819 7.69 7.69 7.69 7.70
NGC 6811 7.86 7.86 7.87 7.87
Berkeley 53 8.59 8.67 8.67 8.90
NGC 7789 8.92 8.92 9.01 9.13
FSR 0494 11.43 11.43 10.14 10.60
NGC 188 9.17 9.14 8.96 9.06
IC 166 11.68 11.68 10.92 11.47
Berkeley 66 12.24 14.08 11.46 11.55
King 5 9.88 9.86 9.79 10.01
NGC 1245 10.44 10.60 10.32 10.66
King 7 9.96 10.36 10.22 10.54
NGC 1798 12.39 13.05 11.68 12.50
Berkeley 17 10.69 9.79 10.68 11.08
Berkeley 71 11.26 11.26 11.03 11.51
Teutsch 51 11.30 11.78 11.20 11.68
NGC 2158 13.05 12.75 11.70 12.41
NGC 2420 10.25 10.61 10.04 10.25
NGC 2682 8.57 8.62 8.58 8.60

2.4.4 Comparison to Previous Work

A summary of current results in the literature (from studies using high-resolution spectroscopy)
is found in Table 2.3. We omit studies that measure a gradient in a region significantly different
than that considered in this paper. We can readily compare the APOGEE metallicity gradients

to these results.
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Figure 2.6: The Galactic abundance trend (Rge vs.[Fe/H]) assuming Rge o = 8.0 kpe.
Our sample (dark blue triangles) is shown along with a literature sample from Reddy
et al. (2016) (light blue points), and clusters analyzed by (Reddy et al. 2012; 2013; 2015;
2016, R16) (orange points).

2.4.4.1 Comparison to APOGEE DR12

We recomputed the metallicity gradient found from APOGEE DR12 (Cunha et al. 2016)
using only clusters in common with this work (and excluding NGC 6791) and distances
from Dias et al. (2002) and found a gradient of —0.035 £+ 0.014. This agrees within
the uncertainties with our gradient measured using the Dias catalog. The differences
between the metallicity gradients can be explained in terms of improvements in the data
reduction of APOGEE spectra, line list, and methodology, detailed in Holtzman et al.

(2018).

2.4.4.2 Comparison to the Other Work

We find a metallicity gradient consistent with 4 of the 6 studies in Table 2.3, the 2 dis-

crepent results being Carraro et al. (1998) and Yong et al. (2012), which both quote
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particularly steep gradients. We find a relatively close agreement with Friel et al. (2002),
Carrera & Pancino (2011), and Reddy et al. (2016). We note that if we instead com-
pare the metallicity gradient computed with NGC 6791, our result is in agreement with
Carraro et al. (1998) and Yong et al. (2012), but would no longer be in agreement with
Reddy et al. (2016) or Friel et al. (2002). It is worth emphasizing that Reddy et al.
(2016) and Friel et al. (2002) both had large uniform samples (24 and 28 open clusters,
respectively) in addition to the literature samples included in their studies. Since the
Reddy et al. (2016) study is both recent and very large, we compare to it directly. In
Figure 2.6, we show the sample uniformly analyzed in Reddy et al. (2016) (orange points)
and their literature compiled sample (light blue points), along with the APOGEE results

(dark blue triangles).

2.5 Other Elements Beyond [Fe/H]

We compute mean DR14 cluster abundances for reliable a-related elements (O, Ca, Mg,
Si, S) and iron peak elements (Cr, Co, Ni, Mn, V) in the same manner as [Fe/H], shown

in Table 2.5. The abundances are shown for individual stars in Table 2.6.
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Figure 2.7: Comparison of individual elemental abundances using the APOGEE calibra-
tion clusters with available comparison elements in the other literature studies. Clusters
are color-coded by analysis group: dark blue for Reddy et al. 2013; 2016, light blue for
Jacobson et al. 2011, green for Bragaglia et al. 2001, orange for Carraro et al. 2006, and
red for O’Connell et al. 2018 (submitted).

2.5.1 OCCAM DR14 Calibration Sample

We use the APOGEE calibration cluster set to search for systematics in other available
elements (Si, Ca, Ni, Mg). As shown in Figure 2.7 and listed in Table 2.7, there are no
significant systematic offsets, with the possible exception of [Mg/Fe| and [Si/Fe|. For all
other elements, the offsets are within the uncertainties (see §2.4.1) for nearly every study
and cluster. Jonsson et al. (2018) also perform a detailed comparison to the literature
for these elements, and find no significant systematic offsets. For [Mg/Fe|, the APOGEE
data are offset from the Jacobson et al. 2011 clusters, but not from Bragaglia et al. 2001
and Carraro et al. 2006 data. These [Mg/Fe] discrepancies are most likely due to line-list
differences and will require further exploration; however, since we are consistent with

some clusters and likely the effect is systematic between groups, we apply no offset here.
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2.5.2 Galactic Gradients in Other Elements

The full APOGEE DR14 sample allows an exploration of individual abundance gradients
for key element groups®, such as a-related elements and iron peak elements. These ele-
ments are key for exploring how Galactic chemical enrichment occurs, as each element is
produced in a different manner (e.g., SNe IT vs. SNe Ia yield ratios). We find statistically
significant increasing trends for some of the a elements ([O/Fe], [Mg/Fe], and [Si/Fe]),
seen in Figure 2.8. The other « trends (Si, Ca) also show a positive trend, but their large
uncertainties make them also consistent with a slope of 0. This behavior is consistent
with previous work (e.g., Jacobson et al. 2011), who also found a significant d[O/Fe]/dR
trend from a literature compiled cluster sample.

This mild positive [« /Fe] gradient is in agreement with the chemical evolution models
of Minchev et al. (2014), who find an [Mg/Fe| gradient (averaged over all age ranges, for
|Z| < 0.25 kpc) of 0.009 dex kpc™!, although the gradient for younger populations (which
may better match our relatively young sample) is steeper, e.g. 0.027 dex kpc™! for age
< 2 Gyr. The models of Kubryk et al. (2015) also show a qualitatively similar trend for
[O/Fe]. We also see a statistically significant decreasing trend for the iron-peak elements
[Mn/Fe| and [Ni/Fe] as seen in Figure 2.9. The uncertainties are too large to draw

meaningful conclusions for other elements (V, Cr, Co).

3While the DR14 APOGEE sample also contains C and N, these elements have strong stellar evolu-
tionary changes along the giant branch. Given the small numbers of stars per cluster, we have excluded
these elements from consideration in this paper.
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Figure 2.9: Galactic trend for our sample for the iron-peak (V, Co, Mn, Cr, Ni) elements
from DR14. Clusters with very large uncertainties are not included in the fit (N reflects
only those included in the fit), but are shown for reference as blue dots.
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Table 2.7: DR14 OCCAM Abundance Comparison to Literature

Cluster Abundance  # cluster =~ Abundance  # cluster A[X/Fe] References
Lit. (dex) stars Lit. DR 14 (dex) stars DR14 (dex)

[Si/Fe]
NGC 6819  +0.18 + 0.04 +0.00 £ 0.03 36 —0.18 £ 0.05 Bragaglia et al. 2001
NGC 6819  +0.03 + 0.07 +0.00 £ 0.03 36 —0.03 £0.08 O’Connell et al. 2018
NGC 6791  40.02 £+ 0.10 10 —0.01 + 0.06 31 —0.03 £0.12 Carraro et al. 2006
NGC 6791  +0.04 + 0.05 2 —0.01 £ 0.06 31  —0.05 £0.08 O’Connell et al. 2018
NGC 2158  40.39 £ 0.05 15  +40.02 £ 0.02 18 —0.37 £ 0.05 Jacobson et al. 2009
NGC 188 +0.25 £ 0.05 27  40.02 £ 0.01 13 —0.23 £ 0.05 Jacobson et al. 2011
NGC 188 —0.05 + 0.07 +0.02 £ 0.01 13 +40.07 & 0.07  O’Connell et al. 2018
NGC 2420 40.21 £+ 0.07 +0.01 £ 0.02 15 —0.20 £ 0.07  Jacobson et al. 2011
NGC 2420 40.03 £ 0.06 +0.01 £ 0.02 15 —0.02 + 0.06 O’Connell et al. 2018
NGC 2682  +0.21 + 0.05 19 40.01 £ 0.04 35 —0.20 £ 0.06 Jacobson et al. 2011
NGC 2682  40.19 £ 0.04 3 +40.01 £ 0.04 35 —0.18 £ 0.06 Reddy et al. 2013
NGC 2682  +0.05 + 0.07 10 +40.01 + 0.04 35 —0.04 £ 0.08 O’Connell et al. 2018
NGC 7789  +0.25 + 0.05 28 —0.01 £0.01 17 —0.26 & 0.05 Jacobson et al. 2011
NGC 7789  +0.08 £ 0.06 5 —0.01 £0.01 17 —0.09 £ 0.06 O’Connell et al. 2018

[Ca/Fe]
NGC 6819 —0.04 £+ 0.06 +0.01 £ 0.02 36 +0.05 £ 0.06 Bragaglia et al. 2001
NGC 6819 —0.05 + 0.08 +0.01 £ 0.02 36 +0.06 + 0.08 O’Connell et al. 2018
NGC 6791 —0.03 + 0.10 10 +40.02 £ 0.04 31 +40.05 £0.11  Carraro et al. 2006
NGC 6791 —0.05 =— 2 40.02 £ 0.04 31  +40.07 £ —  O’Connell et al. 2018
NGC 2158  40.00 £ 0.06 15 40.00 £ 0.03 18 +40.00 + 0.07  Jacobson et al. 2009
NGC 188 —0.04 + 0.06 27  +40.03 £ 0.10 13 +0.07 & 0.12  Jacobson et al. 2011
NGC 188 —0.07 + 0.06 +0.03 £ 0.10 13 +0.10 £ 0.12 O’Connell et al. 2018
NGC 2420 +0.10 £ 0.07 +0.04 £ 0.03 15 —0.06 &+ 0.08 Jacobson et al. 2011
NGC 2420 —0.03 %+ 0.05 +0.04 £ 0.03 15  +0.07 & 0.06 O’Connell et al. 2018
NGC 2682 —0.11 + 0.07 19 —0.03 £ 0.05 35 40.08 £ 0.09 Jacobson et al. 2011
NGC 2682  +0.06 £ 0.03 3 —0.03 £ 0.05 35 —0.09 + 0.06 Reddy et al. 2013
NGC 2682 —0.14 £+ 0.07 10 —0.03 £ 0.05 35 +0.11 £0.09 O’Connell et al. 2018
NGC 7789  +0.01 &+ 0.05 28 —0.02 £0.01 17 —0.03 &£ 0.05 Jacobson et al. 2011
NGC 7789  —0.17 + 0.08 5 —0.02 £ 0.01 17 +0.15 & 0.08 O’Connell et al. 2018

[Ni/Fe]
NGC 6819  +0.01 + 0.02 +0.01 £ 0.02 36 +0.00 £ 0.03 Bragaglia et al. 2001
NGC 6819 —0.01 + 0.07 +0.01 £ 0.02 36  +0.02 + 0.07 O’Connell et al. 2018
NGC 6791 —0.01 £ 0.10 10 +40.00 = 0.04 31 +40.01 £0.11  Carraro et al. 2006
NGC 6791 —0.04 + 0.04 2 +40.00 £ 0.04 31 +0.04 £ 0.06 O’Connell et al. 2018
NGC 2158  +0.05 £ 0.06 15 —0.02 £ 0.03 18 —0.07 £ 0.07  Jacobson et al. 2009
NGC 188 40.08 £ 0.05 27  +0.13 £ 0.19 13 +0.05 & 0.20  Jacobson et al. 2011
NGC 188 —0.02 + 0.07 +0.13 £ 0.19 13 40.15 £ 0.20 O’Connell et al. 2018
NGC 2420 —0.01 £+ 0.07 —0.02 + 0.02 15 —0.01 & 0.07 Jacobson et al. 2011
NGC 2420 —0.02 £ 0.06 —0.02 &+ 0.02 15 —0.00 & 0.06 O’Connell et al. 2018
NGC 2682 —0.01 £+ 0.06 19 40.01 £ 0.05 35 40.02 £0.08 Jacobson et al. 2011
NGC 2682  +0.11 + 0.03 3  40.01 £ 0.05 35 —0.10 £ 0.06 Reddy et al. 2013
NGC 2682 —0.02 + 0.06 10 +40.01 £ 0.05 35 +0.03 £ 0.08 O’Connell et al. 2018
NGC 7789  +0.00 £ 0.05 28 —0.03 £0.01 17 —0.03 £ 0.05 Jacobson et al. 2011

Continued on Next Page. . .
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Table 2.7 — Continued

Cluster Abundance  # cluster Abundance # cluster A[X/Fe] References

Lit. (dex) stars Lit. DR 14 (dex) stars DR14 (dex)
NGC 7789  +0.01 + 0.06 5 —0.03 £ 0.01 17 —0.04 £ 0.06 O’Connell et al. 2018

[Mg/Fe]

NGC 6819 —0.12 + 0.07 +0.00 £ 0.01 36 +0.12 £ 0.07 Bragaglia et al. 2001
NGC 6819  +0.01 £ 0.07 +0.00 £ 0.01 36 —0.01 £ 0.07 O’Connell et al. 2018
NGC 2158  +0.22 + 0.07 15  40.03 £ 0.01 18 —0.19 £ 0.07 Jacobson et al. 2009
NGC 188 +0.26 £ 0.05 27 +0.03 £ 0.04 13 —0.23 £ 0.06 Jacobson et al. 2011
NGC 188 +0.00 £ 0.07 +0.03 £ 0.04 13 40.03 £ 0.08 O’Connell et al. 2018
NGC 2420 +0.11 + 0.09 +0.00 £ 0.03 15 —0.11 & 0.09 Jacobson et al. 2011
NGC 2420 —0.02 + 0.07 +0.00 £ 0.03 15 40.02 £ 0.08 O’Connell et al. 2018
NGC 2682  +0.23 + 0.07 19 —0.03 £ 0.05 35 —0.26 £ 0.09 Jacobson et al. 2011
NGC 2682  +0.12 + 0.04 3  —0.03 £0.05 35 —0.16 £ 0.06 Reddy et al. 2013
NGC 2682  40.04 £+ 0.04 10 —0.03 £ 0.05 35 —0.07 £ 0.06 O’Connell et al. 2018
NGC 7789  +0.14 + 0.05 28 —0.02 £ 0.01 17  —0.16 £ 0.05 Jacobson et al. 2011
NGC 7789  —0.07 + 0.04 5 —0.02 £0.01 17  +0.05 & 0.04 O’Connell et al. 2018
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Chapter 3

Evolution of Galactic Chemical

Trends

In Chapter 2 the methods for membership determination in the OCCAM survey were
explained, and abundance gradients for 11 elements available in APOGEE DR14 were
measured using a “highly reliable” sample of clusters that were required to have at
least 4 APOGEE member stars. In this chapter we significantly expand the OCCAM
sample by allowing clusters with any number of member stars to be included, and using
the expanded APOGEE DR16, which has many more stars than DR14. This expanded
sample is now large enough to separate into age bins to measure the evolution of chemical

abundance trends.
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3.1 Data

To minimize the impact of calibration differences and other systematic effects, and ensure
uniformity, the OCCAM survey uses as much data from as few sources as possible;
therefore, the majority of this analysis is based primarily on two large surveys, Gaia and
SDSS/APOGEE. Our primary source of chemical abundance and RV data is the SDSS
data release 16 (DR16) (Jonsson et al., in press; Ahumada et al. 2019, Blanton et al.
2017) taken as part of the second, dual hemisphere phase of APOGEE, which is APOGEE
2 (Majewski et al. 2017). APOGEE is a high resolution, near infrared spectroscopic
survey currently operating in both hemispheres, at Apache Point Observatory (APO;
New Mexico, Gunn et al. 2006) and Las Campanas Observatory (LCO; Chile, Bowen
& Vaughan 1973). The APOGEE/DR16 dataset includes about 430,000 stars, collected
between August 2011 and August 2018 using the two 300-fiber APOGEE spectrographs
(Wilson et al. 2019) and, for the first time, the APOGEE survey has near-complete
coverage in Galactic longitude, due to the first release of data from LCO. The APOGEE
data reduction pipeline (Nidever et al. 2015, Holtzman et al. 2015; 2018, Jonsson et
al., in press) provides stellar atmospheric parameters and radial velocity measurements,
while elemental abundances are provided from the ASPCAP pipeline (Garcia Pérez et al.
2016, Mészaros et al. 2012, Zamora et al. 2015, Holtzman et al. 2018, Jonsson et al., in
press). Copper, cerium (Cunha et al. 2017), neodymium (Hasselquist et al. 2016), and
ytterbium abundances are reported from ASPCAP for the first time in DR16, although
neodymium and ytterbium lines are so weak or blended that these ASPCAP abundances

are considered unreliable. Concerning cerium, the APOGEE region contains several Ce
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IT lines (Cunha et al. 2017), however, the current DR16 results are only based on one
Ce II line; future data releases will use the full sample of cerium lines. Therefore we will
postpone any discussion of cerium until future data releases.

In the APOGEE DR16 allStar-file, several types of abundances are reported for every
star and element: firstly the abundance reported by the analysis pipeline is supplied in
the FELEM-array. Secondly, these abundances have been calibrated with a zero-point
shift to ensure solar metallicity stars in the solar neighborhood have [X/M]=0; in practice
these shifts are small, < 0.05 dex, except for Al, K, V, and Mn. Finally, these calibrated
abundances have been culled for particular uncertain values by the ASPCAP-team (e.g.,
for [Y/Fe] or [Nd/Fe]). These final, “cleaned” and calibrated abundances are supplied
in the “named tags”; FE_H, MG_FE, CE_FE, etc. More information, including what
zero-point shifts have been applied, is provided in Jonsson et al., in press. In this paper,
we use the abundances of the “named tags” as is recommended in Jonsson et al., in press.

Targeting for APOGEE relied on input from two all-sky surveys: 2MASS (Cutri
et al. 2003) and WISE (Wright et al. 2010). More details specifically about open cluster
targeting are provided in Chapter 2, and details about APOGEE targeting generally can
be found in Zasowski et al. (2013; 2017).

Our secondary source of data is Gaia DR2 (Gaia Collaboration et al. 2016; 2018,
Lindegren et al. 2018); we use photometric and astrometric data for 1,365,376 Gaia
stars, radial velocity measurements for 16,084 stars, and parallax values for 886 stars in
common with APOGEE. We use cluster coordinates and radii from Dias et al. (2002).
For this study, we use the uniform distance determination from Kharchenko et al. (2013,

generally referred to as the Milky Way Star Cluster, MWSC, catalog) when measuring
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galactic trends; however, we briefly compare to other uniform distance catalogs (e.g.,

Cantat-Gaudin et al. 2018, Bailer-Jones et al. 2018) in §3.4.1.
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3.2 Methods

3.2.1 Membership Analysis

The selection of cluster member stars utilizes the stellar radial velocities, proper motions
(PM), spatial location, and derived metallicities as membership discriminators. For this
study, we use the membership procedure, fully described in Chapter 2 with some minor
improvements. The method of Chapter 2 first performs a PM analysis using Gaia DR2 to
isolate likely cluster members (§2.2.2.1). If multiple APOGEE stars are selected for the
same cluster that have very different RVs, there is an inherent ambiguity and a “correct”
systemic cluster velocity cannot be chosen. We now leverage the RV measurements from
Gaia , when available, for stars identified as likely PM members to significantly increase
the number of RV measurements in a cluster and more reliably determine the cluster
system velocity. To be included as a cluster member, a star must fall within 3¢ of the

cluster mean as established by the kernel convolution (described in Chapter 2) in all three

spaces considered (RV, [Fe/H], and PM).

3.2.2 Visual Quality Check

A visual inspection of each cluster’s PM-cleaned color-magnitude diagram (CMD) was
performed by multiple of the authors. Figure 3.1 shows five example CMDs. The visual
assessment is meant to evaluate whether stars that pass the combined RV, proper motion
and metallicity criteria also lie in a sensible position in the observed cluster CMD, consid-
ering their spectroscopically determined log(g). This is an easy case when, for example,

one or more APOGEE OCCAM candidates with high log(g) (log(g) > 3.7) are found
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Figure 3.1: Five example color-magnitude diagrams of open clusters analyzed in the study,
with cluster name and quality designation from Table 3.1 . Gaia stars within twice the cluster
radius are shown; stars identified as PM members and inside the cluster radius are blue. Non-
member stars are shown as a Hess diagram in grey except for Chupina 5 where actual stars are
shown. The OCCAM pipeline-identified APOGEE members are shown as orange stars.

to lie along an easily discernible photometric main sequence in the CMD (e.g., Melotte
22), thus providing a joint affirmation that the star is likely a main sequence member of
the cluster. These clusters are flagged as “1” or “high quality”. However, most of the
OCCAM stars from APOGEE turn out to be evolved stars — subgiants, giants and red
clump stars, with log(g) < 3.7. In this case, the star is still considered a member if the
star lies along the subgiant/giant branch of the cluster, which, however, must generally
be projected from the location of the main sequence and its turn-off, given that the sub-
giant/giant sequences in most clusters are typically very poorly populated (e.g., NGC
1664). These clusters are also flagged as “1”7, indicating they are “high quality”. The
latter process becomes more challenging when the main sequence is also poorly popu-
lated (e.g., Chupina 5), or when the field star contamination becomes so dominant as to
obscure the cluster main sequence (e.g., ASCC 18). These clusters are flagged as “0” or

“potentially unreliable”. Clusters where the APOGEE OCCAM candidate is not a part
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of any discernable sequence or where there is no discernable sequence (e.g., Basel 15) are
rejected. We note that all clusters from Chapter 2 satisfy the “high quality” criteria, but
as they have been checked even more thoroughly, and are additionally required to have
4 or more members, they are flagged as “2”, which has the additional benefit of quickly
identifying the previous sample. Thus, clusters considered “high quality” in this sample
can be easily identified as quality > 0. These quality flags are included in the full version

of Tables 3.1 and 3.2 (available online), and in the value added catalog, described below.

3.2.3 Data Access - SDSS Value Added Catalog

The data this analysis uses are also available as a Value Added Catalog (VAC) that
was released along with SDSS-IV DR16. The VAC consists of two tables. The first is
a combination of Table 3.1 and Table 3.2, showing bulk cluster parameters derived here
including PM, and RV, but also including abundances for all' elements reported in DR16.
We note that cluster ages are not included in the VAC as only ages from the MWSC
catalog are used in this work.

Five measurements of Rgc are also included. We calculate Rge using catalog dis-
tances from Dias et al. (2002)?, Kharchenko et al. (2013, MWSC), and Cantat-Gaudin
et al. (2018). We also calculate Rge based on median parallax from member stars and
median distance for member stars from Bailer-Jones et al. (2018), as in 2. In §3.4.1 we

discuss differences in these distance measurements.

!Elements such as Rb and Y that do not have calibrated values reported in DR16 are not included.

2We acknowledge an error in our pipeline that populated Rgc for some clusters where no distance
is reported by Dias et al. (2002). "R_GC_DIAS” values for the clusters ASCC 16, Chupina 3, 4, & 5,
Collinder 95, FSR 0687, L 1241s, NGC 358, and Platais 4 should be disregarded
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The second table in the VAC shows all of the APOGEE stars considered in this
analysis (all the stars that fall within 2 X Radiusp;.s of the cluster center). For each
star, we reproduce relevant parameters (RV, [Fe/H]|, and proper motion) and provide
our membership probability estimate based on each parameter. For convenience, we
also provide the membership determination from Cantat-Gaudin et al. (2018) (when
provided). All columns available in the VAC are presented in Table 3. The catalog is
available from sdss.org here 3.

Both tables are also available for exploration using Filtergraph (Burger et al. 2013)

at https://filtergraph.com/sdss_apogee_occam/.

Table 3.3: A summary of the individual star data included in the DR16 OCCAM VAC

Label Description

CLUSTER The associated open cluster

2MASS ID star ID from 2MASS survey

LOCATION_ID! from APOGEE DR16

GLAT Galactic latitude

GLON Galactic longitude

FE_H! [Fe/H]

FE_H_ERR! uncertainty in FE_H

VHELIO_AVG! heliocentric radial velocity

VSCATTER! scatter in APOGEE RV measurements

PMRA?Z proper motion in right ascension

PMDEC? proper motion in declination

PMRA _ERR? uncertainty in PMRA

PMDEC_ERR? uncertainty in PMDEC

RV_PROB membership probability based on RV (This study)
FEH_PROB membership probability based on FE_H (This study)
PM_PROB membership probability based on PM (This study)
CG_PROB membership probability from Cantat-Gaudin et al. (2018)

1 Taken directly from APOGEE DR16
2 From Gaia DR2

3The full url is https://www.sdss.org/dr16/data_access/value-added-catalogs/?vac_id=
open-cluster-chemical-abundances-and-mapping-catalog
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Figure 3.2: The full OCCAM DRI16 sample plotted in the Galactic plane. Square points are
“high quality” clusters, triangles are the lower quality clusters. The colorbar shows [Fe/H]. The
concentric circles show Rgo = 8, 16, & 24 kpc

3.3 The OCCAM DR16 Sample

Our final sample in this study consists of 128 open clusters with 914 member stars, out
of 10,191 stars near cluster fields considered in the analysis. Of those 128 clusters, 83
clusters were designated as “high quality” based on a visual CMD inspection. For the
Galactic abundance analysis in this study, we will only use those clusters flagged as high
quality, as presented in Table 3.1. The other clusters with questionable quality, e.g.,

those that did not pass visual checks (§3.2), are also presented in Table 3.1.
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The Galactic spatial distribution of the OCCAM DR16 sample is shown in Figure
3.2. The majority of the OCCAM DR16 open clusters fall between 6 < Rge < 14 kpc,
with good Rge coverage in that range. Two high quality clusters fall outside of this
range: Berkeley 20 at Rge ~ 15.5 kpc and Berkeley 29 at Rge ~ 18.5 kpct. Using age
estimates from the MWSC catalog, our sample spans a range in age from ~ 5 Myr to

~ 6 Gyr®, with nearly half under 1 Gyr.

3.3.1 Modifications to the High Quality Sample

We have further excluded 12 clusters (ASCC 16, ASCC 19, ASCC 21, Briceno 1, Chupina
1, Chupina 3, Collinder 69, Collinder 70, IC 348, NGC 1980, NGC 1981, NGC 2264) that
would otherwise be considered “high quality” because they are reported to be very young
(< 50 Myr) (Kharchenko et al. 2013) and previous studies of young stars in APOGEE
suggest the pipeline results may be unreliable (e.g., Kounkel et al. 2018). Thus the final
sample used for analysis consists of 71 clusters.

There are additional affects within clusters that may result in unreliable abundance
determinations. Souto et al. (2018; 2019) showed that abundances in dwarf and giant
stars in the old cluster NGC 2682 differed significantly due to atomic diffusion. For this
reason, the dwarf stars in NGC 2682 are excluded from our abundance analysis. NGC
752 is also relatively old and may suffer from diffusion effects, we therefore exclude the
dwarfs in this cluster from abundance analysis as well. As a result, for both NGC 752 &

NGC 2682 we only use the giant stars to determine the cluster abundances.

4We note Dias et al. (2002) find Be 29 to be significantly further away at Rgc ~ 22.5 kpc, but for
consistency we are using distances from the MWSC catalog for all clusters.

®We note some studies of NGC 6791 (e.g. Brogaard et al. 2012) find it to be significantly older,
however in the interest of a uniform analysis we rely only on ages from the MWSC catalog
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Figure 3.3: The difference in reported [Fe/H] from DR14 to DR16 for the 19 clusters from 2.
A characteristic error-bar is shown.

3.3.2 Comparison to previous work
3.3.2.1 APOGEE DR14 — Chapter 2

For the 19 open clusters studied in Chapter 2, we plot A[Fe/H] vs DR16 [Fe/H] in
Figure 3.3. Figure 3.3 shows that the mean [Fe/H] for OCCAM clusters changed between
APOGEE DR14 and DR16; this is mostly due to changes in the DR16 line list (Smith
et al. in prep). There is a clear offset for all clusters, with a mean difference of 0.05
dex. In Chapter 2, it was shown that APOGEE DR14 [Fe/H] values for six well studied
open clusters were on average approximately 0.05 dex more metal-rich than the results
in the literature. If we repeat the same literature comparison using our DR16 values, we
find a mean offset of [Fe/H] = 0.004. All of these offsets are within their measured lo
dispersions.

Figure 3.4 shows a similar plot for other elements. Beyond the quoted uncertainties

in each case, there are no obvious systematic trends for any of these elements.
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single star in Zhang et al. (2019).

3.3.2.2 Open Clusters Observed by the LAMOST Survey

Zhang et al. (2019) published mean abundances for open clusters using results from the
LAMOST survey (Luo et al. 2015). Our sample includes 22 open clusters in common
with Zhang et al. (2019) and we find a median offset in [Fe/H] (in the sense LAMOST
- APOGEE) of -0.01 dex; however we note some significant outliers. Figure 3.5 shows
the difference in [Fe/H] between Zhang et al. (2019) and this work ([Fe/H]pamosr -
[Fe/H]apoger). There is fairly good agreement near solar metallicity, but towards lower
metallicities (as measured by APOGEE), there are some clusters with highly discrepant
results. The three clusters with the most discrepant metallicities, 2 0.2 dex, are Czernik
23, ASCC 21, and NGC 2264 (in increasing order by their APOGEE [Fe/H]). The two
clusters off by ~ 0.4 dex (Czernik 23 and NGC 2264) have only one star in the Zhang
et al. (2019) analysis, and Czernik 23 has only one star in APOGEE as well. NGC 2264

and ASCC 21 are among the young clusters which were excluded from our high quality
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sample. Removing these three most discrepant clusters, the LAMOST values are much
more consistent with APOGEE.

A previous comparison of APOGEE DR14 to LAMOST found an offset in [Fe/H] of
0.06 with a scatter of 0.13 (Anguiano et al. 2018). Given the analysis in §3.3.2.1, it is

not surprising that APOGEE DR16 appears to be in better agreement with LAMOST.

3.4 Measuring Galactic Trends

3.4.1 Choosing a Distance Catalog

In Chapter 2, Galactocentric distances to open clusters were calculated using the average
distance for member stars from Bailer-Jones et al. (2018). However, due to the application
of a geometric prior to each star individually, this may not be an optimal solution for
clusters (Bailer-Jones et al. 2018). Another uniform source of distances is therefore
desired.

Distances to open clusters are frequently recomputed by many groups. Some form
of isochrone fitting has been used by a number of studies (e.g., von Hippel et al. 2006,
Kharchenko et al. 2013), however, only Kharchenko et al. (2013, MWSC) have produced
a catalog using a uniform isochrone fitting method to measure distances for a very large
(over 1000) set of open clusters. Recently, the Gaia survey has made it possible to create
large catalogs of cluster distances based on parallax (e.g., Cantat-Gaudin et al. 2018). Of
the two large catalogs, the MWSC catalog covers significantly more of our sample, but

still, two clusters in our high quality sample (BH 211 and Teutsch 12) are not included.
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Figure 3.6: [Fe/H] vs Rgc trends measured using different distance determinations. This is
similar to an analysis performed in 2, but we have added measurements from Cantat-Gaudin
et al. (2018) where available. The colorbar shows the number of APOGEE stars per cluster,
saturating at 5.
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For these clusters, we rely on stellar parallaxes from Gaia DR2. Since the MWSC catalog
does not include distance uncertainties, we assume an uncertainty of 10% of the distance.

For completeness, and to highlight the significant influence that choosing a particular
distance catalog can have on the measured gradient, the basic analysis of §3.5 is repeated
using three other distance catalogs (the catalogs of Dias et al. (2002) and Cantat-Gaudin
et al. (2018), as well as inverse parallax as discussed in Chapter 2). These fits are shown in
Figure 3.6. The difference in the measured gradients is much less severe than in Chapter

2 (where it was ~40%), but it is still significant, potentially as large as ~15%.

3.4.2 Fitting Galactic Abundance Gradients

It has become common in the literature, when measuring Galactic metallicity gradients,
to divide the sample somewhere between Rgo ~ 10 kpc and Rge =~ 13 kpc and fit
two separate lines to the data (e.g., Twarog et al. 1997, Sestito et al. 2008, Friel et al.
2010, Jacobson et al. 2011, Carrera & Pancino 2011, Yong et al. 2012, Frinchaboy et al.
2013, Reddy et al. 2016, Magrini et al. 2017), with a much shallower trend in the outer
galaxy than in the inner galaxy. Since the OCCAM sample includes open clusters as far
away as Rgo ~ 19 kpc, we can investigate if the Galactic metallicity gradient becomes
significantly shallower at a given Rgc.

In this study, we fit two separate lines to the data, and impose the additional con-
straint that both must meet at some “knee”, although the location of the knee is allowed
to vary. Using the standard notation of m as the slope of a line, b as the y-intercept, and

letting k be the z-coordinate of the knee, the equation describing the fit line is then:
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my-x + by <k
Yy = (3.1)
m2<x—k)+(m1k+b1) x>k

We estimate the values of my, by, my, and k using maximum likelihood estimation.
Uncertainties in each parameter are estimated using the emcee package (Foreman-Mackey
et al. 2013). For trends which do not appear to have multiple components (e.g., [o/Fe]
vs Rge trends), we perform a maximum likelihood fit and emcee error estimation for a

single line.

3.5 The Galactic Metallicity Gradient

Fitting to the overall [Fe/H] versus Rec gradient using open clusters as probes is common
in many Galactic studies (see e.g., Table 2.3). We fit the overall [Fe/H| vs Rgc trend
using our high quality sample of 71 open clusters, with a 2 line function fit (Figure 3.7).
We find an inner (Rge < 13.9 kpce) gradient of —0.06840.004 dex/kpc and an outer (Rge
> 13.9 kpc) gradient of —0.009 £ 0.011 dex/kpc. The “corner plot” showing correlations
between the fit parameters is shown in Figure 3.8

A consensus on the apparent location of the “knee” has nearly been reached in the
literature, with values converging around Rge =~ 12 kpc. However, this location does
not appear to have been rigorously tested ; that is, the position of the “knee” has never
been included as a free parameter in the fit. We find the location of the break in the
Galactic [Fe/H] vs Rge trend to be at Rge = 13.9 kpe. To our knowledge this is the

first study to fit the “knee” as a free parameter. However, as shown in Figure 3.6, this
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Figure 3.7: The full high quality sample Galactic [Fe/H] versus Rgc trend, with a 2-line fit
(described by Eq. 3.1). Clusters flagged with quality “0” are shown as light blue circles. The
color bar indicates the number of member stars per cluster, saturating at 5.

is dependent on the distance catalog adopted, and we recognize the poor coverage of our
sample in the region Rgec > 14 kpc and the effect this may have on the determination of
this parameter. Additional open clusters in this Rgc range have been targeted as part
of APOGEE 2 and should be observed soon.

If we consider only the 19 open clusters studied in Chapter 2 and fit a single line
as in that previous study, we find a gradient of —0.047 4+ 0.005 dex/kpc if we include
NGC 6791 and —0.041 £ 0.005 dex/kpc if we do not include NGC 6791. OCCAM II
found a gradient of —0.044 £ 0.003 dex/kpc using distances from the MWSC catalog
and excluding NGC 6791. We emphasize that although we find a global offset of 0.05
dex in [Fe/H] between DR14 and DRI6, this is not expected to have an effect on the
slope of the [Fe/H] versus Rge trend as the offset should be roughly similar at any given

[Fe/H]. Given the comparison between gradients derived from DR14 and DR16 results,
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Figure 3.8: The “corner plot” showing correlations between the 4 free parameters of the 2-line
abundance gradient fit shown in Figure 3.7
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this appears to be the case. Table 2.3 summarized recent measurements of the Galactic
metallicity gradient from the literature in the distance range considered of 6 < Rge < 14
kpc, and revealed a range of gradients between —0.052 dex/kpc to —0.085 dex/kpc. The
result in this study of —0.068 dex/kpc sits neatly in the middle of this range.

We can compare in more detail to the recent results from Carrera et al. (2019),
which also used APOGEE data (from DR14). The authors chose to split their sample
at Rgo = 11 kpe, and find an inner gradient of —0.077 £ 0.007 dex/kpc. This is nearly
in agreement with our result. We note the authors used distances from Cantat-Gaudin
et al. (2018); in Figure 3.6d we measure the metallacity gradient using the same distances

and find a slope of —0.070 + 0.001 dex/kpc, in good agreement with their result.

3.6 Galactic Trends for Other Elements

3.6.1 Galactic Trends for a-Elements

Figure 3.9 shows Galactic trends versus Fe for six a-elements (O, Mg, S, Si, Ca, and
Ti). Since we find a break in the [Fe/H] vs Rge trend at Rge =~ 14 kpe, we limit the
sample to Rge < 14 kpc and measure trends for the inner clusters. For all a elements
studied here, except for silicon and titanium, there is a statistically significant slight
positive trend from the inner galaxy to the outer galaxy and the gradients in [«/Fe] are
consistent overall. However, for silicon and titanium we find a flat gradient. We note

there is significant scatter for [S/Fe], and very little scatter for [Ca/Fe].
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Our results are consistent with Yong et al. (2012) who measured mild positive gra-
dients for [O/Fe], [Si/Fe|, and [Ca/Fe|, of the order of 0.01 dex kpc™', but a flat trend
for [Mg/Fel, although the uncertainties on all four trends are nearly as large as their
measured gradients. Casamiquela et al. (2019) report slight positive gradients for [Si/Fe]
(0.022£0.007) and [Mg/Fe] (0.011£0.01) in their uniform sample of open clusters in the
range 6 < Rge < 11 kpe, although both slopes are much shallower when they include
more clusters from the literature. Carrera & Pancino (2011) and Reddy et al. (2016)
report [a/Fe] vs Rge gradients of 0.004 4= 0.001 dex kpc™t and 0.014 4= 0.005 dex kpc™?,
respectively. Our results are therefore in good agreement with the literature, except
perhaps for Si which appears to be almost completely flat in our case.

Recent work using APOGEE data showed a possible temperature effect for silicon
abundances (Zasowski et al. 2019): cooler stars show lower abundances than warmer
ones. The stars in more distant clusters tend to be cooler since only brighter, more
evolved stars are detectable farther away. Thus the flat [Si/Fe] trend may partly reflect

this effect in APOGEE data.

3.6.2 Galactic Trends for Iron-Peak Elements

APOGEE DRI16 reports abundances for six elements that are classified as “iron-peak”
elements: vanadium, chromium, manganese, cobalt, nickel, and copper. Figure 3.10
shows Galactic abundance trends for each of these elements. The [Ni/Fe] vs Rge trend
is completely flat; the abundances stay very near solar with small scatter for the Galactic

radii explored. Statistically significant slightly positive trends are measured for [V/Fe],
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Figure 3.9: The [X/Fe] vs Rgc trend for « elements. As before the color bar indicates number
of member stars, saturating at 5.
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Figure 3.10: The [X/Fe] vs Rgc trend for iron-peak elements. Light blue circles are clusters
that have an [X/Fe] abundance reported but o [X/Fe| > 0.2 dex.
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[Cr/Fe], and [Cu/Fe], however there are some significant outliers for [Cr/Fe| (Czernik
18 having a single star with [Cr/Fe] = 40.57) and [Cu/Fe] (Chupina 1 having a single
star with [Cu/Fe] = —0.58). There is a statistically significant, slightly negative trend
measured for [Co/Fe|, however a number of outliers to this trend are present between
11 § Ree S 13 kpe. Interestingly, Casamiquela et al. (2019) find a mildly significant
negative trend for [V /Fe|. For [Cr/Fe] they find conflicting trends depending on which
sample they use. This suggests a need for more observational data to better constrain
the gradients in these elements.

For [Mn/Fe|, a significant negative trend of -0.015 + 0.002 is found. We note this is
consistent with the trend first presented in Chapter 2. Yong et al. (2012) find a [Mn/Fe]
gradient of -0.06 £ 0.01 in the region Rgc < 13 kpc, but this measurement is made using
only ~ 8 open clusters. Since this trend is not well studied, little discussion of it exists in
the literature. A relatively simple explanation may be that higher [Mn/Fe] abundances
in the inner Galaxy are the result of larger contributions to chemical enrichment from
type la supernovae (SNe Ia) (Nomoto et al. 2013), perhaps suggesting less recent star

formation towards the inner galaxy or higher SNe Ia efficiency in the inner Galaxy.

3.6.3 “0Odd-z” Gradients

There are three other APOGEE elements that do not readily fall into the above categories:
sodium, aluminum, and potassium , often referred to as “odd-z” elements. We note
that while [P/Fe| abundances are reported in DR16, there are serious doubts about the

reliability of the abundances for this element (see Jonsson et al. in press). Figure 3.11
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Figure 3.11: The [X/Fe] vs Rgc trend for the “odd-z” elements reported in APOGEE DRI6.

As before, the color bar indicates number of members and light blue circles are clusters with
very high uncertainty in that element.

shows the Galactic trends for [Na/Fe|, [Al/Fe], and [K/Fe|]. [Al/Fe| and [K/Fe] show
nearly identical significant positive gradients, while [Na/Fe] shows a significant negative
gradient. All three trends have at least one significant outlier, but the trends nevertheless
appear fairly robust. Yong et al. (2012) find a similar trend for [Al/Fe] of 0.03 £ 0.01

dex/kpc; for [Na/Fe|, however, they find a flat trend with significant scatter.
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3.7 The Evolution of Galactic Abundance Gradients

Minchev et al. (2019) discuss the effect that sample selection can have on measured
abundance gradients, in particular the bias introduced by most samples containing a ma-
jority of young clusters. To more accurately compare to previous work, and provide more
meaningful comparisons for galactic evolution models, we compare mono-age samples in

this section.

3.7.1 Iron

Our sample is large enough that it can be split into four age bins, which we divide at 400
Myr, 800 Myr, and 2 Gyr, with all bins being reasonably well populated. Figure 3.12
shows the [Fe/H] versus Rge trend for clusters separated in age bins. We use ages from
the MWSC catalog because they are derived in a uniform fashion, and should certainly
be reliable enough to place clusters in the coarse bins we have chosen.

The evolution of the [Fe/H] vs Rg¢ trend has been studied extensively in the literature
(e.g. Carraro et al. 1998, Friel et al. 2002, Jacobson et al. 2011, Carrera & Pancino 2011,
Yong et al. 2012). A summary of results from the literature is provided in Figure 3.13.
Here we plot the measured metallicity gradient for clusters in a given age range vs the
middle of that age range (for example the middles of our age bins are 0.2, 0.6, 1.4, 4
Gyr). It is important to note that the majority of clusters from all four studies in Figure
3.13 fall in the range Rge < 14 kpe, with the exception of a few clusters from Carraro
et al. (1998). Figure 3.13 shows a consistent trend of steeper metallicity gradients for

older populations. There is one point in disagreement with this trend: the oldest clusters
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steepness over time.
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Figure 3.13: A summary of Galactic metallicity gradients measured in mono-age populations
from the literature.

from Carraro et al. (1998) appear to reverse this trend. This may be due to the inclusion
of some clusters near Rge ~ 15 in their oldest bin. If we consider the large uncertainties
on the two oldest measurements, it is possible the trend levels out after 4 Gyr.

It should be mentioned that the trend found here is opposite that seen for field stars
(e.g., Anders et al. 2017), where the oldest populations show a shallower gradient. Radial
migration is expected to cause this flattening of the metallicity gradient on a long enough
time scale (e.g., Minchev et al. 2018). To explain the absence of this phenomenon in open
clusters Anders et al. (2017) suggest that clusters that do not migrate or clusters that
migrate towards the inner Galaxy preferentially break up.

In Figure 3.14, we show our sample sample plotted with the pure chemical evolution

model of Chiappini (2009) and the chemo-dynamical simulation of Minchev et al. (2013;
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2014, MCM), divided in the same age bins as Figure 3.12. There is good agreement
between the models and our sample in the younger three bins. In the oldest bin the
effects of radial migration are clearly seen in the MCM points. Also in the oldest bin,
there is a noticeable lack of clusters towards the inner galaxy, and a clear steepening of
the gradient, which could be due to migration of inner old clusters towards outer regions.
This is consistent with the suggestion from Anders et al. (2017) that clusters migrating
inward preferentially break up. Elsewhere, the clusters are roughly consistent with the

MCM model.

3.7.2 Other Elements

Age trends in elements other than iron also provide insight into the chemical evolution of
the Galaxy. The top panel of Figure 3.15 provides a summary of abundance gradients for
each element presented previously as a function of cluster age, measured in the same four
age bins as for iron (Figure 3.12). The top panel of Figure 3.15 shows an overall similar
behavior for all elements: the gradient for the oldest population (open clusters older than
~ 2 Gyr) is the steepest; this is reminiscent of what was observed for [Fe/H]. For [Na/H],
[Ti/H], [Cr/H], and [Mn/H] we cannot distinguish between the gradients measured for the
intermediate-age and young populations. For [O/H], [Mg/H], [Si/H], [S/H], [K/H], [V/H],
[Co/H], [Fe/H], and [Ni/H] the youngest population shows a distinctly flatter gradient,
but the two intermediate-age populations are indistinguishable within the uncertainties.
Relatively flat a-element abundance gradients have also been found for young B stars

(e.g., Daflon & Cunha 2004) and H II regions (e.g., Esteban et al. 2015). We note that for
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Figure 3.14: OCCAM 1V clusters (red) plotted with the pure chemical evolution model of
Chiappini (2009) (blue line) and the MCM chemo-dynamical simulation (Minchev et al.
2013; 2014), seperated into the age bins used previously.
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Figure 3.15: Gradients measured in four age bins as for Figure 3.12 are plotted for each
element. The points increase in size from youngest to oldest; the color indicates number of

clusters used to measure each gradient.

[V/H] the youngest bin is populated with only five clusters, while for [Co/H] the gradient

in the youngest population is heavily influenced by a single very [Co/H]-poor cluster.

3.7.3 The Evolution of [X/Fe] Gradients

To understand the differences in the evolution of elemental abundances better, it is also
informative to study the evolution of [X/Fe| gradients over time. The bottom panel of
figure 3.15 is similar to the top panel but now we show the evolution of [X/Fe| trends. A

variety of trends can be seen; some elements show a stable trend over time (e.g., [Ni/Fe],
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[Si/Fe]), some show an increasingly positive trend (e.g., [Al/Fe]), and [Mn/Fe] shows
an increasingly negative trend. All of these trends are worth discussing and we do so
below. We do not consider [V/Fe|, [Cr/Fe], [Co/Fe], or [Cu/Fe] in detail, either because
the uncertainties are larger than the trends or because one or more age bins are poorly
populated for that element. We do not discuss [Ni/Fe| further because, as stated in
§3.6.2, Ni appears to track Fe closely.

The results in Figure 3.15 show no clear evidence of evolution in the [a/Fe] gradients
within the time spanned by this open cluster sample. It could be argued that there are
mild trends with age for the [O/Fe|, [Mg/Fe], and [Ca/Fe] gradients, but the changes be-
tween different aged populations are on the order of the uncertainties. For [Si/Fe|, [S/Fe],
and [Ti/Fe| there are more variations, but also larger uncertainties and it is more appro-
priate to consider the gradients as roughly constant for different aged populations. It was
shown in Figure 3.9 that nearly all of the [a/Fe] abundances exhibit mildly increasing
radial trends and Figure 3.15 indicates that such trends appear to be fairly stable within
the time spanned by our cluster sample. The flattening of the abundance gradients in
recent times suggests more recent chemical enrichment in the outer Galaxy, but, taken
together with the stability of the increasing [o/Fe| gradient, we might deduce that the
enrichment in the outer Galaxy had a more significant contribution from core-collapse
supernovae. This is consistent with the conclusions from §3.6.2 and the discussion below,
that supernovae Ia dominated recent enrichment in the inner Galaxy:.

For [Na/Fe| and [Al/Fe|, the gradients for the oldest clusters are clearly set apart,
even considering the sizeable uncertainty. For [Al/Fe], in particular, there appears to be a

clear trend where we see the younger populations showing an increasingly positive slope.
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Significantly larger Na and Al yields are expected from core collapse supernovae than
SNe Ia (Nomoto et al. 2013), so a flattening of the [Na/Fe| gradient and an increasingly
positive [Al/Fe] gradient are both consistent with either more recent star formation in
the outer Galaxy than the inner Galaxy or higher SNe Ia efficiency in the inner Galaxy.
This is also consistent with the explanation for the [Mn/Fe] gradient in §3.6.2.

Figure 3.15 shows that the [Mn/Fe| gradient becomes more negative for younger
cluster populations. Yamaguchi et al. (2015) showed that SNe Ia yields of manganese
are strongly dependent on progenitor metallicity; higher metallicity progenitors will yield
significantly more manganese. So as metals build up in the inner Galaxy, a higher [Mn /Fe]
abundance is expected. This may explain the evolution of the [Mn/Fe| gradient in general

terms.

78



Chapter 4

Characterizing Open Cluster Radial

Migration

4.1 Deriving Birth Radius from a Model

Chen & Zhao 2020, hereafter C20 used a novel method for approximating the birth radius
of an open cluster. The authors relied on the Galactic chemical evolution model derived
by Minchev et al. 2018, hereafter M18. The M18 model utilizes a simple assumption that
birth radius (Rp;) for a star can be uniquely determined given the stars age and [Fe/H].
Using this simple assumption, they derive the Galactic metallicity gradient (A[Fe/H] /
ARge) and [Fe/H] at solar radius (Rs = 8 kpc) as a function of look-back time. Given
these distributions, one can estimate the metallicity of the Inter-Stellar Medium (ISM),

from which stars and star clusters form, for a given Rsc and age.
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Figure 4.1: A reproduction of Figure 11 from C20, but with updated distances and ages from
Cantat-Gaudin et al. (2020). We also color the points by their computed Z-max; the maximum
distance a cluster will move away from the Galactic plane during its orbit.

C20 used the M18 model to estimate Rp;, for a large sample of open clusters,
using [Fe/H] and age from Netopil et al. (2016). They further determine guiding radius
(Rguide; defined to be the radius of a circular orbit having the same angular momentum)
for each cluster in their sample using kinematic data from Soubiran et al. (2018) and the
galpy (Bovy 2015) package to compute orbital parameters. In Figure 11 of C20, they
show Rgyide — Rpiren vs age for this sample, presenting a view of migration rate for open
clusters. Figure 4.1 is a recreation of this figure, but using improved distances and ages
from Cantat-Gaudin et al. (2020). The black line indicates no migration, while the solid
red line shows a migration rate of 1 kpc/Gyr. The dashed lines indicate an uncertainty

of 1 kpc, which C20 estimate as the uncertainty in birth radius using their technique.
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Figure 4.2: Similar to Figure 4.1 but using the OCCAM high-quality sample.

Neglecting the youngest clusters, their sample shows that more clusters tend to mi-
grate outwards, as expected from §3.7.1 and Anders et al. (2017). The authors further
make the point that a few clusters seem to move much faster than the migration rate of
1 kpe/Gyr presented in Quillen et al. (2018), seen above the 1 kpc/Gyr line. Figure 4.1
is colored by Z-max (the maximum distance a cluster will move away from the Galac-
tic plane during it’s orbit), revealing a general trend: clusters that migrate further out
generally move farther from the plane during their orbits. This is consistent with the
expectation that clusters migrating outward will transfer energy to the vertical direction
(Sellwood 2014).

The authors are unfortunately somewhat dismissive of the large clump of young (<

500 Myr) clusters with very high negative migration distances. They cite the theoretical
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work of Fujii & Baba (2012), who showed that some particles in an N-body simulation
could migrate as much as a few kpc in less than 1 Gyr, in certain circumstances. If
significant inward migration is common though, we would not expect abundance gradients
for young clusters and cepheids (5 100 Myr) to agree with abundance gradients for
star forming regions (< 5 Myr). Observations however show that, at least in the solar
neighborhood (6 < Rge < 9 kpe), the abundance gradients for young clusters and star
forming regions are nearly identical (Spina et al. 2017). The cepheids, while noisy, are
also in rough agreement (Genovali et al. 2014).

The migration of the young clusters in the C20 can be characterized briefly. There
are 67 clusters younger than 400 Myr and they have migrated, on average, -1.32 kpc,
but the standard deviation of that mean is 1.36 kpc. This very large spread in migration
distance is clearly seen in Figure 4.1. There are a further 16 clusters falling in the range
400 < age < 800 Myr, and they have migrated an average of -1.21 kpc, again with a
large standard deviation of 1.20 kpc. If these migration rates are to be believed, drastic
smearing effects to abundance gradients measured using clusters in these age bins are
expected, as some clusters migrate 3 kpc inward and others don’t move at all. The
observational evidence shows exactly the opposite. Indeed, we have shown in Figure 3.12
that the abundance gradients for clusters in these bins are well defined and close to a
single trend. Figure 3.12 also shows that the trend is noisier for older clusters, which we
expect to have experienced more migration. Thus it appears there is no strong evidence

that the C20 predictions for migration in these young clusters are accurate.
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4.2 Implications from the Model

The general trends seen in Figure 4.1 may still be valid for older (age 2 1 — 2 Gyr). As
stated previously, the general result that more clusters migrate outwards, and few clusters
migrate inwards (neglecting the very young clusters), is supported. We have repeated the
C20 analysis for the OCCAM high-quality sample, using APOGEE metallicities, with
age and distance also taken from Cantat-Gaudin et al. (2020), shown in Figure 4.2. With
the exception of the young clusters, the results for the APOGEE sample are consistent
with the findings of C20. A majority of clusters are between the dashed black lines,
meaning they must be considered consistent with little or no migration. A single cluster

(IC 166) falls above the red dashed line, and only barely.
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Table 4.1: Comparison of Netopil et al. (2016) and APOGEE migration results

Netopil APOGEE
Name Age  Rguide Rpirtn  [Fe/H] Ryirtn  [Fe/H]
(Gyr)  (kpc) (kpe)  (dex) (kpc)  (dex)
Berkeley 17 7.2 10.51 6.81 -0.06 7.95 -0.16
IC 166 1.3 12.93 11.20 -0.17 10.25 -0.10
NGC 188 7.1 9.12 4.99 0.11 5.22 0.09
NGC 6791 6.3 5.78 1.77 0.42 2.58 0.35

Interestingly, the 3 old clusters with large migration distances in the APOGEE sample
are the same 3 old clusters with large migration distances in the Netopil et al. (2016)
sample used by C20. In Table 4.1, we directly compare results using these two different
sources for metallicity for the four clusters that appear to have migrated significantly
in the APOGEE sample (the three old clusters and IC 166). Table 4.1 shows both the
metallicity of each cluster and the resulting birth radius from the C20 model, for the two
different samples. Ry;¢, is within the 1 kpc uncertainty for the C20 model for all clusters
except Berkeley 17, where it is not far off. It appears then the APOGEE results are in
good agreement with the C20 results; we find similar general trends for cluster migration

(neglecting the youngest clusters).
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Chapter 5

Conclusions

We describe the technique used by the OCCAM survey for targeting likely open clus-
ter members, and another technique for determining the likelihood of their member-
ship in a cluster. Using the determined likely cluster giant members, in Chapter 2 we
present the first multi-element data from the OCCAM collaboration’s exploration of the
SDSS/APOGEE open cluster data presented in DR14.

We present abundance measurements of 11 elements for 19 open clusters, and find
no systematic offsets from previous work in the literature. Using distance measurements
from Bailer-Jones et al. (2018), we make measurements of the Galactic abundance gra-
dient for all 11 elements.

In Chapter 2, using this smaller sample, we find an [Fe/H] gradient of —0.061 4-0.004
dex kpc™!, derived from clusters spanning 7 < Rge < 13 kpe. This is in agreement with
previous studies, though we emphasize Figure 2.6, which shows the tight correlation in

the uniform OCCAM sample superimposed on the disjoint literature + R16 sample.

85



In Chapter 2, we further measure a mild [«/Fe] gradient, including [O/Fe|, [Mg/Fe],
and [Si/Fe], in agreement with some previous work (e.g., Jacobson et al. 2011), and
loosely in agreement with chemical evolution models (e.g., Minchev et al. 2014, Kubryk
et al. 2015). We also measure a mild negative gradient for the iron peak element [Mn/Fe]
and very mild negative gradient for [Ni/Fe]. Yong et al. (2012) found a much steeper
negative gradient for [Mn/Fe] but using many fewer clusters.

In Chapter 3, we present an expanded sample of 128 open clusters, 71 of which
we designate “high quality”, using APOGEE DR16. We demonstrate that DR16 cluster
abundances are in good agreement with those of other high resolution abundance studies.
Using the high quality sample, we measure Galactic abundance gradients in 16 chemical
elements, and we measure how those gradients change for different age samples.

We find an overall Galactic [Fe/H| vs Rge gradient of —0.068 + 0.004 dex kpc™! for
Rae < 13.9 kpe, but we re-emphasize the point of Chapter 2 that this result can vary
significantly depending on which catalog of distances is used. Especially considering
this catalog effect, this result is consistent with the literature, though we emphasize the
warning of Minchev et al. (2019) that gradients measured for a cluster sample spanning
a wide age range are prone to large uncertainties, leading to a careful investigation of
mono-age populations.

For the first time, we fit the knee in the Galactic abundance gradient as a free pa-
rameter at Rgo = 13.9 kpe. This is roughly consistent with the literature, though most
studies place the break further inward. We recognize a need for more clusters beyond

this break to more reliably constrain the fit.
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We find general agreement with the literature for gradients in o elements measured
using the expanded sample, as in Chapter 2. We present further evidence for the negative
[Mn/Fe] vs Rge trend first seen in Chapter 2. We find significant Galactic trends in
vanadium, chromium, and copper, although we are unable to suggest a strong explanation
for these trends. We discuss other measurements of some of these trends in Casamiquela
et al. (2019), but as there results are also fairly inclusive, we find more work is needed
to constrain these trends. We find very significant trends in sodium, aluminum, and
potassium; so-called “odd-Z” elements. We recognize a need for further study of trends
in these elements as they are not well reported in the literature.

With the warning of Minchev et al. (2019) in mind, we divide our sample into four age
bins and investigate changes in 16 elements over time. We show that [X/H] abundance
gradients for all 16 elements follow the same general trend, becoming more shallow over
time, as has consistently been found for iron. We find general agreement with previous
work studying the evolution of the [Fe/H] vs Rgc gradient. With this age divided sample,
we are able to compare explicitly to the MCM chemical evolution model. We find good
agreement with the model for younger clusters, but increasing uncertainty for the older
clusters. We agree with the suggestion from Anders et al. (2017), who found similar
discrepancies, that this may be due to clusters preferentially migrating outward, or inward
migrating clusters being disrupted.

We further investigate age trends in [X/Fe] for 15 elements. A number of these trends
seem to support a similar conclusion: either increased SNe Ia efficiency towards the inner
Galaxy or less recent star formation in the inner Galaxy compared to the outer Galaxy.

We also discuss the complication that SNe Ia yields for Mn are metallicity dependent
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(Yamaguchi et al. 2015), which may explain the observed evolution in the [Mn/Fe] trend
on its own.

In Chapter 4, we investigate a model of cluster radial migration. We find that while
it is unreliable for young clusters, the predictions for older clusters are in agreement with
our finding in Chapter 3, which was in agreement with Anders et al. (2017). Namely:
clusters appear to be more likely to migrate away from the Galactic center, and older

clusters are expected to undergo more migration on average.
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Appendix A

Table 2.1: OCCAM sample from

APOGEE data used for membership

analysis — Full Version

Table A.1: OCCAM sample from APOGEE data used for membership analysis (Full)

Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H| PM  Memb
name (km sfl) (dex) (mas yr—1) (mas yrfl) Prob Prob Prob

NGC 6791 2M192006224-3753403 -5.8 £ 0.0 0.28 4+ 0.01 -5.05 4+ 0.04 -9.41 4+ 0.04 0.00 0.00 0.00 NM
NGC 6791 2M192011184-3749482 -73.7 £ 0.0 0.17 £+ 0.01 -0.47 £+ 0.02 0.65 + 0.03 0.00 0.00 0.00 NM
NGC 6791 2M192013484-3744095 -45.8 + 0.0 -0.02 4+ 0.01 -2.13 4+ 0.04 -2.61 + 0.04 0.00 0.00 0.00 NM
NGC 6791 2M192019734-3746549 -43.7 + 3.6 0.40 £+ 0.01 -0.49 £+ 0.04 -2.29 4+ 0.04 0.00 0.00 0.97 NM
NGC 6791 2M192022444-3751414 -58.9 + 0.2 -0.04 + 0.01 -3.83 + 0.05 -7.19 + 0.05 0.00 0.00 0.00 NM
NGC 6791 2M192023414-3749231 -7.4 £ 0.0 -0.10 £+ 0.01 -3.24 £+ 0.04 13.59 £+ 0.04 0.00 0.00 0.00 NM
NGC 6791 2M192023544-3751229 -48.1 + 0.1 0.15 4+ 0.01 -0.43 4+ 0.03 -2.37 + 0.03 0.00 0.00 0.95 NM
NGC 6791 2M192028164-3741194 -21.5 + 0.0 0.00 &+ 0.01 -4.63 £+ 0.05 -12.44 £ 0.05 0.00 0.00 0.00 NM
NGC 6791 2M19202870+4-3743169 -48.3 + 0.4 0.46 4+ 0.01 -0.51 4+ 0.05 -2.24 4+ 0.05 0.91 0.66 0.93 GM
NGC 6791 2M192030054-3750191 -47.5 + 0.0 0.43 £+ 0.01 -0.40 £+ 0.03 -2.10 £+ 0.03 1.00 0.99 0.83 GM
NGC 6791 2M19203092+-3748450 -5.8 £ 0.0 0.23 £+ 0.01 -2.11 £+ 0.03 -1.71 £+ 0.03 0.00 0.00 0.00 NM
NGC 6791 2M192033264-3750123 -194.5 £ 0.4 -0.89 + 0.01 -5.68 + 0.03 -5.32 4+ 0.03 0.00 0.00 0.00 NM
NGC 6791 2M19203485+4-3746298 -47.1 £ 0.1 0.44 £+ 0.01 -0.44 £+ 0.03 -2.30 + 0.03 0.97 0.92 1.00 GM
NGC 6791 2M192035194-3748579 -48.3 + 0.0 0.35 £+ 0.01 -0.34 £+ 0.03 -2.31 4+ 0.03 0.92 0.19 0.93 GM
NGC 6791 2M192037844-3745249 -48.6 = 0.1 0.42 £+ 0.01 -0.40 £ 0.04 -2.33 + 0.04 0.85 1.00 0.98 GM
NGC 6791 2M192039344-3748048 -46.8 + 0.0 0.40 £+ 0.01 -0.46 £+ 0.03 -2.23 + 0.03 0.94 0.92 0.97 GM
NGC 6791 2M19204102+-3743025 -47.9 £ 0.1 0.47 + 0.01 -0.51 + 0.05 -2.32 + 0.05 0.98 0.52 0.94 GM
NGC 6791 2M192042734-3751073 -48.9 + 0.1 0.25 £+ 0.01 -0.45 £+ 0.03 -2.26 + 0.04 0.78 0.00 0.99 NM
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Table A.1 — Continued

Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 6791 2M192043774-3749075 -33.0 = 1.2 -0.04 £+ 0.01 1.06 + 0.04 2.23 £ 0.05 0.00 -1.00 0.00 NM
NGC 6791 2M192044854-3746215 -44.9 + 0.1 0.38 4+ 0.01 -0.48 4+ 0.03 -2.38 + 0.03 0.41 0.57 0.91 GM
NGC 6791 2M192045174-3744339 -48.4 + 0.1 0.41 £+ 0.01 -0.44 £+ 0.03 -2.27 + 0.04 0.90 0.98 1.00 GM
NGC 6791 2M192045574-3739509 -46.1 + 0.2 0.50 4+ 0.01 -0.41 4+ 0.03 -2.22 4+ 0.03 0.00 0.00 0.98 NM
NGC 6791 2M192046244-3749105 -46.1 + 0.0 0.43 £+ 0.01 -0.35 + 0.04 -2.22 4+ 0.05 0.77 0.94 0.94 GM
NGC 6791 2M192046354-3750228 -45.3 + 0.0 0.37 4+ 0.01 -0.36 + 0.05 -2.36 + 0.06 0.53 0.48 0.93 GM
NGC 6791 2M192047654-3747322 -64.9 + 1.6 0.44 £+ 0.01 -0.46 £+ 0.03 -2.29 4+ 0.04 0.00 0.88 0.99 NM
NGC 6791 2M19204971+4-3743426 -47.4 + 0.2 0.32 4+ 0.01 -0.34 + 0.12 -2.16 + 0.12 1.00 0.04 0.87 GM
NGC 6791 2M192050034-3747282 -59.3 + 1.1 0.13 £+ 0.01 -6.07 + 0.05 -5.04 + 0.06 0.00 0.00 0.00 NM
NGC 6791 2M19205038+3743335 -43.9 + 5.6 0.37 + 0.01 -0.42 + 0.09 -2.26 + 0.09 0.17 0.46 1.00 GM
NGC 6791 2M192051604-3739408 16.6 £+ 0.0 -0.32 £+ 0.01 -6.41 £+ 0.05 -5.21 + 0.05 0.00 0.00 0.00 NM
NGC 6791 2M19205259+3744281 -45.4 + 0.0 0.38 + 0.01 -0.45 + 0.03 -2.18 + 0.04 0.55 0.65 0.94 GM
NGC 6791 2M192052874-3745331 -46.0 + 0.0 0.42 £+ 0.01 -0.37 £+ 0.03 -1.92 4+ 0.04 0.74 1.00 0.46 GM
NGC 6791 2M19205338+3748282 -48.4 + 0.1 0.44 + 0.01 -0.48 + 0.04 -2.23 £ 0.05 0.90 0.85 0.96 GM
NGC 6791 2M192053684-3750236 -48.5 + 0.1 0.46 £+ 0.01 -0.35 + 0.03 -2.10 4+ 0.04 0.87 0.62 0.79 GM
NGC 6791 2M19205510+3747162 -48.2 + 0.0 0.37 + 0.01 -0.37 + 0.05 -2.29 + 0.06 0.93 0.44 0.98 GM
NGC 6791 2M19205530+4-3743152 -47.9 + 0.1 0.48 £+ 0.01 -0.48 4+ 0.03 -2.34 + 0.04 0.97 0.30 0.95 GM
NGC 6791 2M192056204-3752185 -48.4 + 0.1 -0.06 £+ 0.01 0.38 £+ 0.91 -6.43 + 1.03 0.90 -1.00 0.00 NM
NGC 6791 2M192056294-3744334 -49.0 + 0.0 0.45 £+ 0.01 -0.39 £+ 0.03 -2.15 4+ 0.04 0.74 0.68 0.90 GM
NGC 6791 2M192057844-3747067 -46.9 =+ 0.9 0.42 £+ 0.01 -0.42 £+ 0.05 -2.24 + 0.06 0.95 1.00 0.99 GM
NGC 6791 2M19205862+-3747404 -13.2 + 0.1 0.19 4+ 0.01 -6.49 4+ 0.22 -15.00 £ 0.25 0.00 0.00 0.00 NM
NGC 6791 2M192059584-3748108 -47.2 £ 0.2 0.54 £+ 0.01 -0.43 £+ 0.04 -2.41 £+ 0.06 0.99 0.01 0.91 GM
NGC 6791 2M192100524-3750188 -46.7 + 0.0 0.33 4+ 0.01 -0.44 £+ 0.03 -2.34 + 0.04 0.92 0.09 0.98 GM
NGC 6791 2M192100864-3745339 -45.8 + 0.1 0.46 £+ 0.01 -0.53 £+ 0.04 -2.27 + 0.05 0.67 0.62 0.91 GM
NGC 6791 2M192101124-3742134 -47.6 + 0.1 0.43 4+ 0.01 -0.83 4+ 0.04 -2.02 + 0.05 1.00 0.93 0.17 GM
NGC 6791 2M192102864-3737297 -8.9 £ 0.1 -0.18 £+ 0.01 -6.03 £+ 0.04 -10.75 £ 0.05 0.00 0.00 0.00 NM
NGC 6791 2M192103264-3741190 -84.0 + 0.0 -0.19 4+ 0.01 -3.02 £+ 0.03 -5.32 4+ 0.04 0.00 0.00 0.00 NM
NGC 6791 2M192104264-3747187 -46.8 + 0.1 0.41 £+ 0.01 -0.41 £+ 0.03 -2.25 + 0.03 0.94 0.95 0.99 GM
NGC 6791 2M192104834-3741036 -50.1 + 0.0 0.43 4+ 0.01 -0.44 4+ 0.03 -2.37 + 0.04 0.40 0.94 0.94 GM
NGC 6791 2M192106044-3752049 -48.0 + 0.1 0.39 £+ 0.01 -0.43 £+ 0.04 -2.17 + 0.05 0.97 0.75 0.94 GM
NGC 6791 2M192106294-3744596 -45.3 + 0.1 0.44 4+ 0.01 -0.55 4+ 0.04 -2.33 + 0.04 0.54 0.85 0.87 GM
NGC 6791 2M192110024-3758518 -12.0 + 0.0 -0.02 £+ 0.01 30.36 £ 0.03 -0.74 + 0.04 0.00 -1.00 0.00 NM
NGC 6791 2M192110074-3750008 -48.9 + 0.1 0.38 4+ 0.01 -0.42 4+ 0.03 -2.36 + 0.04 0.77 0.62 0.96 GM
NGC 6791 2M19211041+4-3734464 30.7 + 0.0 -0.07 £+ 0.01 -5.90 £+ 0.04 -16.11 £ 0.05 0.00 0.00 0.00 NM
NGC 6791 2M19211052+3740310 -10.8 £ 0.4 0.00 + 0.01 0.85 £ 0.05 0.86 £ 0.06 0.00 0.00 0.00 NM
NGC 6791 2M192111164-3744581 -25.7 + 0.1 0.25 + 0.01 -14.83 £ 0.03 -15.71 £ 0.04 0.00 -1.00 0.00 NM
NGC 6791 2M19211300+3743005 -48.1 + 0.2 0.45 + 0.01 -0.38 + 0.04 -2.27 £ 0.05 0.95 0.70 0.99 GM
NGC 6791 2M192114154-3746578 -3.4 £ 0.0 0.36 £+ 0.01 -1.25 4+ 0.04 -0.58 + 0.05 0.00 0.29 0.00 NM
NGC 6791 2M19211542+3756528 -48.3 + 0.1 0.35 + 0.01 -0.50 + 0.03 -2.21 + 0.03 0.00 0.00 0.93 NM
NGC 6791 2M192116324-3752154 -11.6 + 0.1 -0.25 £+ 0.01 -0.72 £+ 0.03 -4.98 + 0.04 0.00 0.00 0.00 NM
NGC 6791 2M19211713+3748039 -3.3+ 0.0 -0.18 £ 0.01 3.52 £ 0.04 -2.14 £ 0.05 0.00 0.00 0.00 NM
NGC 6791 2M19211888+-3743232 -36.4 + 0.3 0.05 £+ 0.01 -3.44 £+ 0.03 0.66 + 0.03 0.00 -1.00 0.00 NM
NGC 6791 2M19213390+3750202 -46.9 + 0.1 0.36 + 0.01 -0.32 + 0.04 -2.16 £ 0.05 0.00 0.00 0.85 NM
NGC 6791 2M192140994-3751064 -10.7 + 0.0 -0.02 £+ 0.01 25.28 £+ 0.03 -30.71 £ 0.04 0.00 -1.00 0.00 NM
NGC 6791 2M19215339+3743039 -12.6 = 0.0  -0.30 + 0.01 -4.99 + 0.04 -8.58 + 0.04 0.00 0.00 0.00 NM
NGC 6819 2M194014024-4016306 -56.4 + 0.0 0.06 £+ 0.01 -5.85 + 0.03 -9.04 £+ 0.03 0.00 0.00 0.00 NM
NGC 6819 2M19401466+4-4004598 -18.9 + 0.0 -0.03 4+ 0.01 50.96 £+ 0.04 99.82 £ 0.04 0.00 -1.00 0.00 NM
NGC 6819 2M194019374-4015495 -52.3 + 0.2 -0.35 £+ 0.01 -5.93 £+ 0.03 -6.26 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M194022844-4006008 -50.3 + 0.1 -0.34 4+ 0.01 -1.60 4+ 0.03 -2.91 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M194035694-4005038 2.7+ 0.1 -0.45 £+ 0.01 -3.76 £+ 0.03 -3.46 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M19403684+4-4015172 2.1 + 0.0 0.15 4+ 0.01 -3.00 4+ 0.03 -3.66 + 0.03 0.00 0.00 0.54 NM
NGC 6819 2M19404262+44003043 -35.2 + 0.1 0.07 &+ 0.01 -4.36 + 0.04 -19.13 £ 0.04 0.00 0.00 0.00 NM
NGC 6819 2M19404341+44020235 -11.8 + 16.3 -0.01 4+ 0.01 0.65 4+ 0.09 -3.89 + 0.09 0.00 -1.00 0.00 NM
NGC 6819 2M194048034-4008085 2.4 + 0.1 0.09 &+ 0.01 -2.98 £+ 0.04 -3.83 + 0.04 1.00 0.82 0.94 GM
NGC 6819 2M19404965+4014313 3.1 + 0.0 0.12 + 0.01 -2.84 + 0.03 -3.72 £ 0.03 0.95 0.94 0.69 GM
NGC 6819 2M194050204-4013109 4.3 £ 0.0 0.15 £+ 0.01 -3.03 £+ 0.04 -3.84 + 0.04 0.66 0.59 0.85 GM
NGC 6819 2M19405420+4018159 -31.6 + 0.0 0.29 + 0.01 -7.54 + 0.04 1.76 £ 0.04 0.00 0.00 0.00 NM
NGC 6819 2M194055604-4006292 2.3 £ 0.0 0.20 £+ 0.01 -0.21 £+ 0.04 -5.14 4+ 0.04 1.00 0.03 0.00 NM
NGC 6819 2M19405601+4013395 3.3+ 0.1 0.09 + 0.01 -2.86 + 0.03 -3.74 £ 0.03 0.92 0.76 0.78 GM
NGC 6819 2M194057044-4010068 -14.8 + 8.9 0.13 £+ 0.01 -2.79 £+ 0.04 -3.79 + 0.04 0.00 0.80 0.72 NM
NGC 6819 2M19405797+4008174 4.5 + 0.1 0.13 + 0.01 -2.73 + 0.04 -3.77 £ 0.04 0.61 0.84 0.52 GM
NGC 6819 2M194102034-4006280 2.8 £ 0.2 -0.08 £+ 0.01 -0.68 £+ 0.04 -4.74 + 0.04 0.99 0.00 0.00 NM
NGC 6819 2M19410301+4009409 -84.6 + 0.2 -0.38 + 0.01 -2.35 + 0.05 -2.80 + 0.04 0.00 0.00 0.00 NM

Continued on next page
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Table A.1 — Continued

Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 6819 2M1941052444014042 3.3+ 0.1 0.14 £+ 0.01 -2.74 £+ 0.04 -3.86 + 0.04 0.93 0.64 0.60 GM
NGC 6819 2M19410622+4-4010532 3.2 + 0.0 0.12 4+ 0.01 -3.00 4+ 0.03 -4.08 + 0.03 0.93 0.95 0.49 GM
NGC 6819 2M194108194-4015085 0.1 £0.1 0.06 £+ 0.01 0.40 £+ 0.67 -2.47 + 0.63 0.48 0.33 0.00 NM
NGC 6819 2M19410822+44019319 2.5 + 0.3 -0.08 4+ 0.01 -2.91 4+ 0.07 -3.49 4+ 0.06 0.00 0.00 0.17 NM
NGC 6819 2M194108584-4013299 2.3 £ 0.0 0.11 £+ 0.01 -2.90 £+ 0.04 -4.00 £+ 0.04 1.00 1.00 0.77 GM
NGC 6819 2M19410926+4-4014436 2.3 + 0.1 0.13 4+ 0.01 -2.76 4+ 0.04 -3.91 + 0.04 1.00 0.89 0.65 GM
NGC 6819 2M19410991+4015495 2.5 + 0.1 0.07 £+ 0.01 -2.74 £+ 0.04 -3.90 £+ 0.04 1.00 0.45 0.61 GM
NGC 6819 2M19410994+4009056 2.9 £ 3.1 0.02 + 0.01 -3.02 + 0.03 -3.80 + 0.03 0.98 0.02 0.83 GM
NGC 6819 2M194110854-4023048 -43.6 = 0.0 0.30 £+ 0.01 0.04 £+ 0.04 2.36 £ 0.05 0.00 0.00 0.00 NM
NGC 6819 2M194111024-4011116 3.0 £ 0.0 0.10 + 0.01 -3.07 + 0.04 -3.81 + 0.04 0.97 0.92 0.68 GM
NGC 6819 2M194111154-4011422 4.6 £ 0.0 0.14 £+ 0.01 -3.03 £+ 0.04 -3.91 4+ 0.04 0.56 0.67 0.83 GM
NGC 6819 2M19411184+4013301 -38.5 + 0.2 -0.52 + 0.01 -5.44 + 0.06 -3.22 + 0.09 0.00 0.00 0.00 NM
NGC 6819 2M194112154-4018560 -22.2 + 0.1 0.29 £+ 0.01 -5.63 £+ 0.04 -8.60 + 0.05 0.00 0.00 0.00 NM
NGC 6819 2M1941127944012238 2.8 + 0.0 0.12 + 0.01 -2.98 + 0.05 -3.78 £ 0.04 0.99 0.98 0.87 GM
NGC 6819 2M19411318+4-4006417 11.6 £ 0.0 0.09 £+ 0.01 -2.56 + 0.03 -4.40 £+ 0.02 0.00 0.81 0.00 NM
NGC 6819 2M19411319+4014567 -1.8 £ 0.1 0.10 + 0.01 -3.03 + 0.03 -4.14 £ 0.04 0.10 0.96 0.32 GM
NGC 6819 2M194113554-4012205 2.6 + 0.1 0.09 £+ 0.01 -2.88 4+ 0.04 -3.78 + 0.04 1.00 0.82 0.89 GM
NGC 6819 2M194113674-4003382 2.8 £ 0.0 0.07 £+ 0.01 -3.03 £ 0.02 -3.90 £ 0.02 0.00 0.00 0.82 NM
NGC 6819 2M194114764-4011008 1.0 £ 0.2 0.15 £+ 0.01 -3.09 £+ 0.05 -3.83 + 0.06 0.76 0.53 0.66 GM
NGC 6819 2M194115644-4010105 1.6 £ 0.1 0.15 £+ 0.01 -2.90 £+ 0.03 -3.93 + 0.04 0.91 0.55 0.93 GM
NGC 6819 2M194115934-4011114 5.2 + 0.1 0.11 4+ 0.01 -2.68 £+ 0.04 -3.97 + 0.04 0.40 1.00 0.36 GM
NGC 6819 2M194116314-4005508 -1.0 £ 0.0 0.08 £+ 0.01 -2.66 £+ 0.04 -4.20 £+ 0.05 0.20 0.59 0.08 GM
NGC 6819 2M194117054-4010517 1.4 £ 0.1 0.07 £+ 0.01 -2.93 £+ 0.04 -3.68 + 0.05 0.85 0.41 0.65 GM
NGC 6819 2M194117764-4009158 -1.0 £ 0.5 0.12 £+ 0.01 -3.20 £+ 0.04 -4.05 + 0.04 0.20 0.98 0.20 GM
NGC 6819 2M194118934-4011408 1.0 £ 0.1 0.10 4+ 0.01 -2.99 + 0.03 -3.73 + 0.04 0.75 0.97 0.75 GM
NGC 6819 2M194119714-4023362 1.4 + 0.0 0.06 £+ 0.01 -3.14 £+ 0.05 -3.75 =+ 0.07 0.00 0.00 0.41 NM
NGC 6819 2M194121334-4011572 6.8 + 0.0 0.12 4+ 0.01 -2.32 4+ 0.04 -4.06 + 0.05 0.09 0.97 0.00 NM
NGC 6819 2M19412136+44011002 1.9 £ 0.0 0.11 £+ 0.01 -3.11 £+ 0.04 -3.92 + 0.05 0.96 1.00 0.56 GM
NGC 6819 2M194121474-4013573 1.5 + 0.0 0.13 4+ 0.01 -3.00 4+ 0.03 -3.87 + 0.04 0.88 0.85 0.91 GM
NGC 6819 2M194121764+4012111 0.6 £ 0.2 0.14 £+ 0.01 -2.87 + 0.04 -3.79 + 0.04 0.64 0.68 0.90 GM
NGC 6819 2M194122224-4016442 2.7 £ 0.1 0.12 4+ 0.01 -2.96 4+ 0.03 -3.87 + 0.04 1.00 0.97 0.98 GM
NGC 6819 2M194123694-4012355 3.7 £ 0.0 0.08 £+ 0.01 -3.45 £+ 0.04 -3.81 4+ 0.04 0.83 0.62 0.02 GM
NGC 6819 2M19412386+4-4021444 2.1 + 0.0 0.12 4+ 0.01 -2.93 4+ 0.04 -3.86 + 0.05 0.00 0.00 1.00 NM
NGC 6819 2M19412463+4003196 7.9 £ 0.0 -0.22 £+ 0.01 -1.77 £+ 0.04 -14.02 £ 0.05 0.00 0.00 0.00 NM
NGC 6819 2M194124914-4007440 -37.1 £ 0.2 -0.46 4+ 0.01 -3.12 4+ 0.04 -5.67 + 0.04 0.00 0.00 0.00 NM
NGC 6819 2M19412658+4011418 2.2 £+ 0.0 0.09 £+ 0.01 -2.78 + 0.04 -3.81 + 0.04 0.99 0.81 0.73 GM
NGC 6819 2M19412707+4012283 0.8 £ 0.1 0.09 + 0.01 -2.97 + 0.04 -3.83 £ 0.04 0.70 0.78 0.96 GM
NGC 6819 2M194127304-4004548 1.2 £ 0.0 0.13 £+ 0.01 -2.90 £+ 0.03 -4.70 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M1941291544013040 1.4 £ 0.0 0.11 + 0.01 -3.04 + 0.04 -3.94 + 0.04 0.85 1.00 0.76 GM
NGC 6819 2M194129424-4014199 3.5 £ 0.0 0.11 £+ 0.01 -2.97 + 0.04 -3.69 &+ 0.04 0.88 0.99 0.64 GM
NGC 6819 2M194129534-4012210 2.9 + 0.2 0.15 + 0.01 -2.84 + 0.04 -3.92 £ 0.05 0.98 0.47 0.87 GM
NGC 6819 2M194130274-4015218 2.1 £+ 0.0 0.12 £+ 0.01 -3.00 £+ 0.04 -4.02 £+ 0.05 0.98 0.95 0.67 GM
NGC 6819 2M19413031+4009005 6.2 + 0.1 0.09 + 0.01 -2.70 + 0.04 -3.43 £ 0.04 0.17 0.86 0.04 GM
NGC 6819 2M19413330+4-4012349 4.3 £ 0.0 0.07 £+ 0.01 -2.79 £+ 0.04 -4.07 + 0.04 0.67 0.55 0.44 GM
NGC 6819 2M19413439+4017482 2.6 + 0.0 0.13 + 0.01 -2.83 + 0.04 -3.80 + 0.04 0.00 0.00 0.83 NM
NGC 6819 2M19413683+4-4009031 38.9 + 0.0 0.06 £+ 0.01 -0.27 4+ 0.04 -4.36 + 0.05 0.00 0.33 0.00 NM
NGC 6819 2M194140064-4023060 20.0 £ 0.1 -0.28 £+ 0.01 -2.63 £+ 0.04 -4.80 £+ 0.04 0.00 0.00 0.00 NM
NGC 6819 2M194140954-4013260 -6.5 £ 0.1 -0.06 £+ 0.01 -0.98 £+ 0.04 -2.22 4+ 0.04 0.00 0.00 0.00 NM
NGC 6819 2M1941416244017128 -26.9 + 0.2 -0.02 £+ 0.01 -3.54 £+ 0.04 -5.58 + 0.04 0.00 0.00 0.00 NM
NGC 6819 2M194144274-4005527 3.8+ 0.1 0.09 £+ 0.01 -2.83 + 0.04 -3.86 + 0.05 0.00 0.00 0.88 NM
NGC 6819 2M194148074-4019455 -36.0 + 0.1 0.19 £+ 0.01 -0.63 £ 0.03 -3.23 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M194148254-4010323 -17.6 + 3.4 0.09 £+ 0.01 -5.41 4+ 0.28 -8.24 4+ 0.33 0.00 -1.00 0.00 NM
NGC 6819 2M194150644-4016010 4.4 £ 0.0 0.18 £+ 0.01 -2.96 £+ 0.03 -3.81 + 0.03 0.00 0.00 0.94 NM
NGC 6819 2M194154374-4002097 3.9+ 0.2 0.07 4+ 0.01 -2.86 + 0.05 -3.54 + 0.05 0.00 0.00 0.24 NM
NGC 6819 2M194155384-4004348 11.0 £ 0.0 0.16 £+ 0.01 -3.62 £+ 0.04 -9.79 + 0.05 0.00 0.00 0.00 NM
NGC 6819 2M19415566+4-4015526 17.3 £ 0.0 -0.35 4+ 0.01 -2.44 4+ 0.03 -8.87 + 0.03 0.00 0.00 0.00 NM
NGC 6819 2M194216834-4008114 -54.0 &+ 0.7 0.14 £+ 0.01 4.56 + 0.04 7.90 £ 0.05 0.00 0.00 0.00 NM
NGC 6819 2M194219434-4016074 -3.8+£ 0.1 -0.24 4+ 0.01 1.43 + 0.04 -1.19 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19361068+4627380 -18.1 + 0.1 0.02 + 0.01 6.09 £ 0.03 20.13 £ 0.04 0.00 -1.00 0.00 NM
NGC 6811 2M19361498+4-4631091 -10.3 + 0.0 -0.08 £+ 0.01 1.03 + 0.06 -10.81 £ 0.06 0.00 0.00 0.00 NM
NGC 6811 2M19363005+4614500 -96.7 £ 0.0  -0.37 £ 0.01 -5.87 + 0.04 -9.46 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19363103+4-4629507 -8.9 £ 0.1 -0.07 £+ 0.01 6.07 + 0.04 -16.76 £ 0.04 0.00 -1.00 0.00 NM
NGC 6811 2M19363131+4612460 -23.9 £ 0.0  -0.12 + 0.01 -1.95 + 0.05 2.06 + 0.04 0.00 0.00 0.00 NM
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NGC 6811 2M19363688+4-4618348 9.4 £ 1.2 -0.08 £+ 0.01 -3.33 £+ 0.08 -8.76 + 0.06 0.00 -1.00 0.94 NM
NGC 6811 2M19364603+4-4622415 5.6 + 5.5 -0.10 4+ 0.01 -3.34 + 0.05 -8.74 + 0.05 0.88 -1.00 0.95 DM
NGC 6811 2M193650364-4628479 -17.5 £ 0.2 0.06 £+ 0.01 -3.30 £+ 0.91 -13.71 £ 1.04 0.00 -1.00 0.00 NM
NGC 6811 2M19365179+4-4624301 5.6 + 0.0 -0.19 4+ 0.01 -6.40 + 0.05 -6.01 + 0.06 0.88 0.00 0.00 NM
NGC 6811 2M193655184-4625345 -35.4 + 0.0 -0.13 £+ 0.01 -2.82 £+ 0.05 -7.32 + 0.06 0.00 0.00 0.00 NM
NGC 6811 2M19365580+4-4627376 7.4 4+ 0.1 -0.02 4+ 0.01 -3.24 4+ 0.04 -8.69 + 0.05 0.98 0.80 0.64 GM
NGC 6811 2M193657124+4622425 7.9 £ 0.0 -0.03 £+ 0.01 -3.33 £+ 0.04 -8.73 + 0.06 0.91 0.47 0.91 GM
NGC 6811 2M19365957+4632505 10.4 £ 0.0 -0.13 £+ 0.01 -0.88 + 0.04 -3.92 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M193702674-4623130 8.1 £ 0.0 0.01 £+ 0.01 -3.55 + 0.05 -8.73 + 0.06 0.87 0.81 0.63 GM
NGC 6811 2M19370579+4620590 -66.2 + 0.0  -0.13 + 0.01 -7.15 + 0.03 2.93 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19370580+4-4611080 -61.7 + 5.2 0.12 £+ 0.01 15.83 £+ 0.05 4.99 + 0.05 0.00 -1.00 0.00 NM
NGC 6811 2M19372208+4632505 7.1 £ 0.0 0.00 + 0.01 -3.42 + 0.04 -8.77 £ 0.04 0.00 0.00 0.98 NM
NGC 6811 2M193724264-4617048 -19.1 + 0.0 0.23 £+ 0.01 -13.10 £ 0.05 -9.07 + 0.05 0.00 -1.00 0.00 NM
NGC 6811 2M19372604+4624339 59 4+ 0.1  -0.01 & 0.01 0.29 £ 0.05 -2.31 + 0.06 0.93 0.93 0.00 NM
NGC 6811 2M1937267144623561 -19.6 + 0.0 0.02 £+ 0.01 -2.77 + 0.03 -1.99 4+ 0.03 0.00 0.71 0.00 NM
NGC 6811 2M19373232+4609282 -61.3 £ 0.4  -0.59 + 0.01 -3.57 + 0.07 4.42 £ 0.08 0.00 0.00 0.00 NM
NGC 6811 2M19373233+4-4620099 -45.9 + 0.4 0.01 £+ 0.01 10.16 £+ 0.07 4.07 + 0.10 0.00 -1.00 0.00 NM
NGC 6811 2M193734624-4624098 7.7 £ 0.0 0.02 £+ 0.01 -3.54 £+ 0.04 -8.79 + 0.05 0.95 0.64 0.69 GM
NGC 6811 2M19373578+4-4619574 -96.7 + 0.1 -0.31 £+ 0.01 -2.21 4+ 0.04 -6.92 + 0.05 0.00 0.00 0.00 NM
NGC 6811 2M193737594-4624347 12.0 £ 0.0 -0.39 £+ 0.01 2.41 £+ 0.04 -1.22 + 0.05 0.11 0.00 0.00 NM
NGC 6811 2M19374258+4-4614203 -57.8 + 0.0 0.41 £+ 0.01 -5.05 + 0.05 -7.68 + 0.05 0.00 0.00 0.00 NM
NGC 6811 2M193747954-4614570 -32.3 + 0.0 -0.21 £+ 0.01 -1.71 £ 0.11 -4.97 + 0.12 0.00 0.00 0.00 NM
NGC 6811 2M19375204+4-4624559 -50.9 + 0.1 -0.02 4+ 0.01 10.41 + 0.04 9.42 + 0.04 0.00 0.75 0.00 NM
NGC 6811 2M193752914-4630095 -40.4 + 0.0 0.01 £+ 0.01 -5.73 £+ 0.04 -2.58 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19375505+4-4633279 -22.9 + 0.0 0.09 4+ 0.01 3.02 £+ 0.04 2.80 £ 0.05 0.00 0.00 0.00 NM
NGC 6811 2M193802904-4635575 -79.4 + 0.0 0.14 £+ 0.01 -3.13 £+ 0.04 -2.51 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M193803244-4627206 -12.6 + 0.0 0.04 4+ 0.01 -2.25 4+ 0.04 -2.16 + 0.04 0.00 0.00 0.00 NM
NGC 6811 2M193804894-4624422 -40.1 + 0.0 -0.06 £+ 0.01 -18.68 £ 0.04 -34.77 £ 0.05 0.00 0.00 0.00 NM
NGC 6811 2M1938094744617411 -24.6 + 0.4 0.18 4+ 0.01 -6.43 + 0.05 -8.80 + 0.06 0.00 -1.00 0.00 NM
NGC 6811 2M19381492+44627414 -42.0 =+ 0.0 -0.16 £+ 0.01 -0.09 £+ 0.04 -16.45 £ 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19382280+4-4619389 -14.0 + 0.1 0.14 4+ 0.01 -6.75 + 0.03 -10.65 £+ 0.02 0.00 0.00 0.00 NM
NGC 6811 2M193825264-4632508 -23.4 + 0.1 0.11 £+ 0.01 -4.55 + 0.04 -19.01 £ 0.04 0.00 0.00 0.00 NM
NGC 6811 2M19383160+44630328 -11.2 + 0.0 0.18 4+ 0.01 -4.84 4+ 0.04 -8.24 4+ 0.04 0.00 0.00 0.00 NM
NGC 6811 2M193835724-4624093 -13.6 = 0.0 0.07 £+ 0.01 -3.73 £+ 0.02 -6.67 + 0.02 0.00 0.00 0.00 NM
Berkeley 53 2M20542838+-5104228 -26.8 + 0.2 -0.59 £+ 0.01 -3.22 £+ 0.22 -2.79 + 0.21 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M20543359+5108309 -27.5 £ 0.1 -0.30 + 0.01 -0.88 + 0.11 -2.09 + 0.11 0.00 0.00 0.00 NM
Berkeley 53 2M20545763+4-5053012 -81.1 + 0.1 -0.24 £+ 0.01 -3.30 4+ 0.33 -2.07 + 0.34 0.00 0.00 0.00 NM
Berkeley 53 2M205512864-5057186 -62.9 + 0.1 -0.29 £ 0.01 -4.39 £+ 0.12 -5.16 + 0.11 0.00 0.00 0.06 NM
Berkeley 53 2M205514614-5059152 -55.6 + 0.0 0.03 £+ 0.01 1.42 + 0.09 -2.63 + 0.09 0.00 0.00 0.00 NM
Berkeley 53 2M205517214+5100097 -21.5 + 0.1 -0.11 £+ 0.01 -1.89 £+ 0.19 -5.57 + 0.19 0.00 0.00 0.00 NM
Berkeley 53 2M20553052+4-5103087 -84.9 + 0.1 -0.31 4+ 0.01 -2.14 4+ 0.19 -2.64 + 0.19 0.00 0.00 0.00 NM
Berkeley 53 2M205530954-5051062 -6.7 £ 0.0 0.09 £+ 0.01 -5.13 £+ 0.05 -1.13 £+ 0.05 0.00 0.00 0.00 NM
Berkeley 53 2M205533474-5059087 11.4 £+ 0.0 -0.03 4+ 0.01 -1.52 4+ 0.12 -2.01 + 0.13 0.00 0.35 0.00 NM
Berkeley 53 2M205542324-5106153 -35.6 = 0.0 -0.01 £+ 0.01 -4.11 £+ 0.10 -5.65 + 0.10 1.00 0.94 0.66 GM
Berkeley 53 2M205544174-5117478 -16.8 + 1.8 -0.18 4+ 0.01 -3.13 4+ 0.20 -4.22 + 0.17 0.00 0.00 0.00 NM
Berkeley 53 2M20554430+5112252 -45.2 + 0.1 0.07 £+ 0.01 -3.91 £+ 0.12 -4.75 + 0.11 0.00 0.00 0.03 NM
Berkeley 53 2M205546974-5058402 -66.2 + 0.0 0.08 4+ 0.01 -3.34 £+ 0.09 -3.68 + 0.09 0.00 0.00 0.00 NM
Berkeley 53 2M205548214-5105211 -99.2 + 0.2 -0.29 £+ 0.01 -2.97 £ 0.14 -2.64 + 0.13 0.00 0.00 0.00 NM
Berkeley 53 2M20554936+4-5106545 -36.9 + 0.1 0.01 4+ 0.01 -3.82 4+ 0.08 -5.59 + 0.07 0.77 0.71 0.95 GM
Berkeley 53 2M205549764-5103438 -51.1 + 1.1 -0.36 £+ 0.01 -4.67 £+ 0.10 -7.34 + 0.09 0.00 0.00 0.00 NM
Berkeley 53 2M20554992+4-5112540 -50.7 + 0.0 0.02 £+ 0.01 -3.35 + 0.14 -2.79 + 0.12 0.00 0.00 0.00 NM
Berkeley 53 2M205549984-5102175 -36.1 + 0.0 -0.00 £ 0.01 -3.88 £+ 0.10 -5.65 + 0.09 0.95 1.00 0.95 GM
Berkeley 53 2M20555090+4-5109495 -35.9 + 0.0 -0.06 + 0.01 -4.42 4+ 0.09 -7.16 + 0.08 0.98 0.03 0.00 NM
Berkeley 53 2M20555552+5111166 -45.7 + 0.1 -0.05 &+ 0.01 -2.24 + 0.15 -4.05 + 0.16 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M20555767+5103206 -34.2 £ 0.1 -0.07 + 0.01 -3.75 + 0.09 -5.60 £ 0.09 0.82 0.00 0.97 NM
Berkeley 53 2M205559474-5105436 -34.7 + 0.0 -0.00 £+ 0.01 -2.31 + 0.23 -5.69 + 0.20 0.93 1.00 0.00 NM
Berkeley 53 ~ 2M20555959+-5100466 -36.7 £ 0.0  -0.03 £ 0.01 -3.37 £ 0.13 -6.00 + 0.15 0.82 0.33 0.33 GM
Berkeley 53 2M205603744-5058123 -68.6 + 0.0 -0.27 £+ 0.01 -3.24 £+ 0.10 -4.97 + 0.10 0.00 0.00 0.07 NM
Berkeley 53 ~ 2M20560675+5109042 -92.4 + 0.1 -0.09 £ 0.01 -3.52 + 0.14 -3.59 + 0.12 0.00 0.00 0.00 NM
Berkeley 53 2M20560728+4-5107047 -11.7 + 0.1 -0.10 £+ 0.01 -3.28 + 0.17 -2.48 + 0.16 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M20561018+5102389 -36.3 + 0.2 0.01 + 0.01 -3.87 + 0.10 -5.91 + 0.10 0.92 0.77 0.82 GM
Berkeley 53 2M20561021+4-5112460 -24.5 + 0.1 0.11 £+ 0.01 -3.54 £+ 0.07 -4.37 + 0.07 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M2056153145113537 -126.6 £ 0.8 -0.24 + 0.01 -2.52 + 0.11 -3.07 £ 0.10 0.00 0.00 0.00 NM
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Berkeley 53 2M2056167145110193 -51.1 + 0.1 -0.18 £+ 0.01 -4.09 £+ 0.15 -2.75 + 0.12 0.00 0.00 0.00 NM
Berkeley 53 2M20562042+4-5107238 -76.9 + 0.3 -0.65 + 0.01 -2.39 4+ 0.09 -2.85 + 0.08 0.00 -1.00 0.00 NM
Berkeley 53 2M205631004-5106356 -96.9 + 0.2 -0.37 £+ 0.01 -1.99 £+ 0.23 -2.91 4+ 0.20 0.00 0.00 0.00 NM
Berkeley 53 2M20563163+4-5112590 -28.3 + 5.6 0.36 4+ 0.01 -3.01 + 0.15 -1.76 + 0.13 0.00 0.00 0.00 NM
Berkeley 53 2M205636984-5101435 -74.7 £ 0.0 -0.03 £+ 0.01 0.43 £+ 0.08 -3.95 + 0.07 0.00 0.53 0.00 NM
Berkeley 53 2M20564102+4-5053169 -120.9 £ 0.1 -0.50 4+ 0.01 -2.64 + 0.18 -2.24 + 0.19 0.00 0.00 0.00 NM
Berkeley 53 2M205643614-5100448 -12.6 + 0.0 0.14 £+ 0.01 -7.12 £+ 0.05 -13.93 £ 0.05 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M20565199+5057103 -19.1 + 0.0 0.10 + 0.01 -2.08 + 0.12 -5.03 £ 0.11 0.00 0.00 0.00 NM
Berkeley 53 2M205703244-5107109 -38.8 + 0.1 0.15 £+ 0.01 -2.04 £+ 0.13 -1.99 + 0.12 0.00 0.00 0.00 NM
Berkeley 53 ~ 2M20570367+5056406 -64.8 + 0.1  -0.21 + 0.01 -3.01 + 0.24 -3.84 + 0.23 0.00 0.00 0.00 NM
NGC 7789 2M235427624-5647131 17.9 £ 0.1 -0.18 £+ 0.01 -0.49 £+ 0.03 -4.79 £+ 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235436574-5650099 -52.4 + 0.0 -0.06 + 0.01 -4.22 4+ 0.03 -1.42 4+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235438724-5645090 -174.8 £ 0.1 -0.17 £+ 0.01 -1.97 £+ 0.03 -1.43 £+ 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235441164-5641326 -10.3 + 0.2 -0.04 £+ 0.01 14.27 + 0.02 3.46 + 0.02 0.00 -1.00 0.00 NM
NGC 7789 2M235447354-5638483 -85.6 + 0.1 0.07 £+ 0.01 -3.43 £+ 0.03 -1.20 £+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235447434-5647164 -74.1 + 0.1 0.27 4+ 0.01 -5.45 4+ 0.04 0.89 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235452864-5624311 -114.2 £ 0.1 -0.40 £+ 0.01 -1.56 £+ 0.03 -0.23 £+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235453494-5623577 -0.3 £ 0.2 0.11 4+ 0.01 0.05 4+ 0.03 7.30 £ 0.02 0.00 -1.00 0.00 NM
NGC 7789 2M235459214-5644288 -57.0 = 0.1 -0.23 £+ 0.01 -1.35 + 0.03 -1.27 4+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235511994-5656246 -62.2 + 0.0 0.01 4+ 0.01 -4.14 4+ 0.04 -0.29 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235512664-5638476 -110.9 £ 0.1 -0.23 £+ 0.01 -1.36 £+ 0.03 -3.77 £ 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235517994-5646223 -64.7 + 0.1 -0.14 4+ 0.01 -3.20 4+ 0.03 -0.32 + 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235540314-5702426 -109.6 £ 0.3 -0.45 £+ 0.01 -2.04 £+ 0.07 -1.47 + 0.05 0.00 0.00 0.00 NM
NGC 7789 2M235548384-5704029 -63.2 + 0.1 0.39 4+ 0.01 -1.98 4+ 0.04 -1.63 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235549664-5639180 -56.9 + 0.1 0.09 £+ 0.01 -0.91 4+ 0.04 -1.79 4+ 0.04 0.46 0.36 0.74 GM
NGC 7789 2M235551114-5631370 -22.3 £ 0.3 0.13 4+ 0.01 -0.27 4+ 0.04 0.00 4+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23555809+4-5702517 -119.9 £ 0.0 -0.12 £+ 0.01 -1.84 4+ 0.04 -1.11 4+ 0.04 0.00 0.00 0.00 NM
NGC 7789 2M23560553+4-5655198 8.4 + 0.0 0.08 + 0.01 1.81 + 0.03 0.26 £ 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235612974-5620359 -18.5 + 0.3 -0.10 £+ 0.01 4.58 + 0.03 -1.50 + 0.02 0.00 -1.00 0.00 NM
NGC 7789 2M23561563+4-5637097 -33.1 £ 0.3 -0.15 + 0.01 -4.24 + 0.03 -1.71 £ 0.02 0.00 -1.00 0.00 NM
NGC 7789 2M235624334-5659554 -99.0 + 0.1 0.17 £+ 0.01 -4.19 £+ 0.03 -0.61 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23562469+5655480 -44.7 £ 0.0  -0.36 + 0.01 -2.25 + 0.05 4.15 £ 0.05 0.00 0.00 0.00 NM
NGC 7789 2M235629534-5648399 -55.4 + 0.0 -0.01 £+ 0.01 -1.02 £+ 0.04 -2.00 £+ 0.04 0.91 0.10 0.83 GM
NGC 7789 2M23563279+5704466 -36.4 + 0.1  -0.43 + 0.01 -4.17 + 0.04 -0.51 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M23563464+4-5653548 4.7 £ 0.1 0.12 £+ 0.01 -2.47 £+ 0.03 17.58 £+ 0.03 0.00 -1.00 0.00 NM
NGC 7789 2M23563632+5645024 -54.4 £ 0.0  -0.06 + 0.01 -0.93 + 0.03 -1.74 £ 0.03 0.99 0.00 0.59 NM
NGC 7789 2M23563732+4-5707153 -48.7 + 0.0 0.00 £+ 0.01 -1.70 £+ 0.03 -1.86 + 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235637484-5706276 -75.9 £+ 28.4 -0.15 £+ 0.01 -1.73 £ 0.04 -2.02 £+ 0.05 0.00 0.00 0.00 NM
NGC 7789 2M23563768+4-5654165 -89.2 + 0.0 0.04 £+ 0.01 -3.99 £+ 0.03 -1.12 4+ 0.03 0.00 0.94 0.00 NM
NGC 7789 2M235639304-5645242 -55.1 + 0.1 0.04 £+ 0.01 -1.07 £+ 0.04 -1.97 + 0.04 0.97 0.97 0.76 GM
NGC 7789 2M235642064-5615465 -67.5 + 0.1 0.22 4+ 0.01 -1.92 4+ 0.03 -0.97 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235643044-5650477 -53.4 + 0.0 0.06 £+ 0.01 -0.80 £ 0.05 -1.95 + 0.04 0.79 0.94 0.82 GM
NGC 7789 2M23564466+4-5625293 -54.3 + 0.0 0.03 4+ 0.01 -0.91 4+ 0.04 -2.00 £+ 0.03 0.00 0.00 0.94 NM
NGC 7789 2M235646904-5616205 -85.6 + 0.5 -0.27 £+ 0.01 -1.93 £+ 0.03 -0.34 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235647034-5658124 -54.1 + 1.0 -0.19 4+ 0.01 -0.79 £+ 0.03 -1.82 4+ 0.03 0.00 -1.00 0.65 NM
NGC 7789 2M235649824-5657593 -20.5 + 0.0 0.21 £+ 0.01 31.61 £ 0.05 -14.69 £ 0.04 0.00 -1.00 0.00 NM
NGC 7789 2M235650534-5649208 -50.6 + 0.0 0.01 4+ 0.01 -0.68 £+ 0.05 -1.96 + 0.04 0.09 0.40 0.47 GM
NGC 7789 2M235652514-5643298 -16.9 + 0.3 -0.43 £+ 0.01 -1.55 4+ 0.05 1.68 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235655274-5638268 -55.4 + 0.1 -0.07 4+ 0.01 -0.06 + 0.79 -3.36 + 0.95 0.92 0.00 0.00 NM
NGC 7789 2M235657514-5645272 -55.2 + 0.0 0.06 £+ 0.01 -0.78 £+ 0.04 -1.91 4+ 0.04 0.96 0.95 0.74 GM
NGC 7789 2M235708954-5648504 -54.7 + 0.0 0.08 4+ 0.01 -0.93 4+ 0.05 -1.84 + 0.05 1.00 0.62 0.88 GM
NGC 7789 2M235714004-5640586 -53.9 + 0.2 0.07 £+ 0.01 -0.95 £+ 0.05 -2.13 4+ 0.04 0.92 0.76 0.57 GM
NGC 7789 2M235716044-5702432 1.2 £ 0.1 -0.26 4+ 0.01 -4.06 + 0.03 -1.19 4+ 0.02 0.00 0.00 0.00 NM
NGC 7789 2M235717284-5645333 -55.1 + 0.1 0.04 £+ 0.01 -1.14 4+ 0.04 -2.03 + 0.04 0.97 0.96 0.47 GM
NGC 7789 2M23571729+5636481 -88.8 +£ 0.0  -0.34 + 0.01 -2.16 + 0.03 0.00 £ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235718474-5650271 -55.5 + 0.1 0.01 £+ 0.01 -1.14 £+ 0.05 -1.86 + 0.05 0.88 0.49 0.54 GM
NGC 7789 2M23571885+4-5659355 -59.4 + 0.2 -0.49 + 0.01 -6.87 + 0.03 -4.69 + 0.03 0.00 -1.00 0.00 NM
NGC 7789 2M235722424-5641459 -54.9 + 0.1 0.06 £+ 0.01 -1.02 £+ 0.05 -1.55 + 0.04 0.99 0.92 0.13 GM
NGC 7789 2M23572545+5639376 -82.7 £ 3.7  -0.07 £ 0.01 4.86 £ 0.05 -23.10 £ 0.05 0.00 0.00 0.00 NM
NGC 7789 2M23573126+4-5635167 -19.6 + 0.0 0.20 £+ 0.01 15.37 £+ 0.05 -19.30 £ 0.04 0.00 -1.00 0.00 NM
NGC 7789 2M23573184+5641221 -55.8 + 0.1 0.05 + 0.01 -0.99 + 0.07 -1.95 + 0.06 0.82 0.99 0.95 GM
NGC 7789 2M23573563+4-5640000 -54.7 + 0.1 0.08 £+ 0.01 -0.94 £+ 0.05 -1.79 + 0.04 1.00 0.60 0.74 GM
NGC 7789 2M23573895+5638370 -54.6 £ 0.6 -0.27 + 0.01 -1.01 + 0.03 -1.72 £ 0.03 1.00 -1.00 0.50 DM
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NGC 7789 2M235747454-5650095 -51.2 + 0.1 0.15 £+ 0.01 -0.84 £+ 0.03 -2.04 £+ 0.02 0.17 0.00 0.78 NM
NGC 7789 2M23575066+4-5657272 -35.0 + 0.0 -0.13 4+ 0.01 -2.67 + 0.05 -2.32 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235751984-5616414 -16.6 + 2.8 0.05 £+ 0.01 3.55 + 0.04 0.12 4+ 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235754384-5647439 -53.6 + 0.1 0.04 4+ 0.01 -0.55 4+ 0.09 -1.59 4+ 0.07 0.85 0.90 0.03 GM
NGC 7789 2M235754584-5656165 -38.2 + 0.0 0.04 £+ 0.01 -5.04 £+ 0.04 -2.77 + 0.04 0.00 0.90 0.00 NM
NGC 7789 2M235800154-5650125 -54.5 + 0.1 0.02 4+ 0.01 -0.97 4+ 0.05 -1.86 + 0.04 1.00 0.64 0.92 GM
NGC 7789 2M235802754-5647208 -54.4 + 0.0 0.04 £+ 0.01 -0.85 £+ 0.04 -1.97 + 0.04 0.99 0.98 0.92 GM
NGC 7789 2M23580564+5649404 -71.9 £ 0.1  -0.43 £ 0.01 -3.31 + 0.04 -1.21 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235814714-5651466 -56.1 + 0.0 0.06 £+ 0.01 -0.85 £+ 0.05 -1.78 + 0.04 0.73 0.94 0.66 GM
NGC 7789 2M23583199+4-5657304 -44.6 +£ 0.1  -0.21 £ 0.01 -3.77 £ 0.03 -0.87 £ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23583343+4-5635047 -55.0 + 0.1 -0.12 £+ 0.01 -1.08 £+ 0.05 -1.92 4+ 0.05 0.98 0.00 0.74 NM
NGC 7789 2M23584180+5651146 -33.2+ 0.1 -0.32 £ 0.01 -1.70 + 0.04 0.04 £ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235843684-5707550 -87.2 + 0.2 -0.09 £+ 0.01 -2.01 £+ 0.04 -3.34 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23584648+5638183 -93.8 £ 0.0  -0.44 + 0.01 -1.16 + 0.04 0.63 £ 0.04 0.00 0.00 0.00 NM
NGC 7789 2M23585296+4-5659204 -55.5 + 0.0 -0.02 £+ 0.01 -6.57 + 0.04 -1.30 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M23585468+5700306 -64.8 +£ 0.1  -0.12 + 0.01 -2.12 + 0.03 -1.45 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23585484+4-5622588 -82.9 + 0.1 -0.08 £+ 0.01 -3.37 £+ 0.03 -1.72 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23585820+4-5624317 -117.7 £ 0.4 -0.28 £+ 0.01 -1.06 £+ 0.05 -1.52 £+ 0.04 0.00 0.00 0.09 NM
NGC 7789 2M23585861+4-5702009 -84.3 + 0.0 -0.30 £+ 0.01 -2.47 £+ 0.05 -1.43 4+ 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235900854-5621116 -87.0 &+ 0.3 -0.05 £+ 0.01 -3.42 £+ 0.03 -0.48 4+ 0.03 0.00 0.00 0.00 NM
NGC 7789 2M23590494+4-5630245 -104.5 £ 0.1 0.07 £+ 0.01 -2.24 4+ 0.04 -1.45 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235906854-5703369 -39.8 + 23.3 -0.21 £+ 0.01 -4.92 £+ 0.04 -4.35 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235912534-5633484 -56.7 + 0.2 -0.54 4+ 0.01 2.32 4+ 0.03 3.60 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235919654-5648504 -50.4 + 0.1 -0.17 £+ 0.01 -9.95 £+ 0.05 -1.52 + 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235923854-5703106 -60.0 + 0.0 -0.58 4+ 0.01 3.46 4+ 0.04 -0.78 + 0.03 0.00 0.00 0.00 NM
NGC 7789 2M235941824-5637552 -27.4 + 0.0 0.07 £+ 0.01 0.63 £+ 0.05 -2.70 £+ 0.04 0.00 0.00 0.00 NM
NGC 7789 2M235958374-5700444 -70.4 + 0.1 -0.41 4+ 0.01 -3.28 4+ 0.04 -0.76 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2M00244088+6341178 -56.2 + 0.0 0.31 + 0.01 -3.97 + 0.04 -0.63 £ 0.04 0.00 0.00 0.01 NM
FSR 0494 2M00244149+4-6344347 -55.1 + 0.3 -0.38 £+ 0.01 -2.80 £+ 0.11 0.44 + 0.08 0.00 0.00 0.05 NM
FSR 0494 2M00244484+6353233 -5.9 £ 0.0 -0.19 + 0.01 8.49 £ 0.04 -3.11 £ 0.04 0.00 0.00 0.00 NM
FSR 0494 2MO002453944-6340553 -83.7 + 0.1 -0.13 £+ 0.01 -3.96 + 0.04 -0.29 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2M00250743+6352480 -37.9 £ 0.0  -0.20 £ 0.01 -5.34 + 0.03 -1.91 + 0.03 0.00 0.00 0.00 NM
FSR 0494 2MO002507734-6341202 -74.1 + 0.2 -0.23 £+ 0.01 -2.08 £+ 0.10 -0.04 £+ 0.08 0.00 0.00 0.33 NM
FSR 0494 2M00251367+6348591 -62.9 + 0.0  -0.07 + 0.01 -1.60 + 0.06 -1.12 £ 0.05 1.00 0.00 0.13 NM
FSR 0494 2M00251373+4-6345437 -60.2 + 0.1 -0.08 £+ 0.01 -2.54 4+ 0.06 0.82 4+ 0.04 0.48 0.00 0.01 NM
FSR 0494 2M00251423+6338077 -48.8 +£ 0.2 -0.13 £ 0.01 -2.17 + 0.04 -0.80 + 0.03 0.00 0.00 0.80 NM
FSR 0494 2M00251609+4-6346352 -94.8 + 0.1 0.13 £+ 0.01 -0.74 £+ 0.06 0.36 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2MO002521834-6350478 -33.7 £ 0.1 -0.03 £+ 0.01 5.73 £+ 0.05 -5.39 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2M002521924-6337541 -113.5 £ 0.0 -0.42 £+ 0.01 -4.33 £+ 0.05 -0.77 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2MO002533734-6345239 -64.2 + 0.0 0.03 £ 0.01 -2.62 £ 0.05 -0.90 £+ 0.04 0.88 0.64 0.82 GM
FSR 0494 2M002534004-6346574 -64.3 + 0.1 0.02 £+ 0.01 -2.46 + 0.06 -0.72 + 0.05 0.87 1.00 0.99 GM
FSR 0494 2MO002538264-6344101 -63.5 + 0.1 0.01 £+ 0.01 -2.51 £+ 0.06 -0.87 + 0.05 0.98 0.98 0.89 GM
FSR 0494 2M002539974-6340595 -0.2 £ 0.1 0.18 4+ 0.01 0.37 4+ 0.05 -1.72 + 0.04 0.00 0.00 0.00 NM
FSR 0494 2MO002544474-6345058 -79.3 £ 2.7 -0.02 £+ 0.01 -2.57 £+ 0.04 -0.90 £+ 0.04 0.00 0.05 0.84 NM
FSR 0494 2M002550114-6343565 -60.4 + 0.1 0.01 4+ 0.01 -2.57 4+ 0.06 -0.92 4+ 0.05 0.53 0.96 0.83 GM
FSR 0494 2MO002600274-6343287 -63.9 + 0.1 -0.02 £+ 0.01 -2.53 £+ 0.06 -0.85 + 0.05 0.93 0.08 0.91 GM
FSR 0494 2M002604294-6343040 -38.6 + 0.1 0.02 4+ 0.01 -0.93 £+ 0.08 0.45 + 0.06 0.00 0.85 0.00 NM
FSR 0494 2MO002604924-6339353 -83.6 + 0.1 -0.12 £+ 0.01 -1.59 £+ 0.06 0.22 + 0.05 0.00 0.00 0.04 NM
FSR 0494 2M002607204-6352354 -50.5 + 0.0 -0.03 4+ 0.01 -6.38 + 0.04 -2.47 4+ 0.03 0.00 0.00 0.00 NM
FSR 0494 2MO002618954-6352376 -82.3 + 0.1 0.05 £+ 0.01 0.47 4+ 0.22 -1.02 £+ 0.17 0.00 0.00 0.00 NM
FSR 0494 2M00262464+4-6354460 -78.1 + 0.2 -0.25 4+ 0.01 -2.40 4+ 0.06 0.67 + 0.05 0.00 0.00 0.02 NM
FSR 0494 2MO002642274-6345059 -85.4 + 0.0 -0.04 £+ 0.01 -3.36 + 0.04 -0.12 4+ 0.05 0.00 0.00 0.09 NM
FSR 0494 2M00265230+4-6337184 -51.8 + 0.1 0.10 4+ 0.01 12.57 + 0.03 2.07 £ 0.03 0.00 -1.00 0.00 NM
FSR 0494 2M002652514-6351059 -106.8 £ 0.0 0.06 &+ 0.01 -2.05 £+ 0.06 -1.12 4+ 0.06 0.00 0.00 0.44 NM
NGC 188 2M00214840+4-8521385 9.9 £+ 2.5 -0.18 £+ 0.01 15.50 £+ 0.29 1.37 £+ 0.23 0.00 -1.00 0.00 NM
NGC 188 2MO002208284-8527196 25.4 £ 0.1 0.27 £+ 0.01 60.51 £ 0.03 6.19 £+ 0.02 0.00 -1.00 0.00 NM
NGC 188 2M00234604+4-8507158 -75.6 + 0.1 0.17 4+ 0.01 5.51 4+ 0.04 3.65 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO002431914-8509159 -54.4 + 0.0 -0.00 £ 0.01 -6.47 £+ 0.04 7.34 £ 0.03 0.00 0.00 0.00 NM
NGC 188 2M002503374-8520037 -45.4 + 0.0 -0.38 4+ 0.01 13.60 £+ 0.03 45.65 £ 0.02 0.00 -1.00 0.00 NM
NGC 188 2MO002606244-8532326 8.8 £ 0.2 -0.31 £+ 0.01 29.56 £ 1.73 -32.73 £ 1.99 0.00 -1.00 0.00 NM
NGC 188 2M002610054-8506091 -62.3 + 0.1 -0.14 4+ 0.01 -9.05 £+ 0.28 4.88 + 0.27 0.00 -1.00 0.00 NM
NGC 188 2MO002650174-8538319 7.8 + 0.1 -0.21 £+ 0.01 7.64 £ 0.05 5.98 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M002719094-8518135 -41.5 + 0.2 0.17 4+ 0.01 -2.32 4+ 0.04 -1.21 4+ 0.04 0.00 0.00 0.30 NM
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NGC 188 2MO002747284-8449362 -64.2 + 0.1 -0.13 £+ 0.01 -0.68 £+ 0.05 0.78 + 0.04 0.00 0.00 0.00 NM
NGC 188 2M002808414-8522089 -20.4 + 0.1 -0.15 4+ 0.01 15.09 + 0.03 1.45 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO002819574-8528084 -92.9 + 0.2 -0.66 £ 0.01 -1.98 £+ 0.04 2.95 £ 0.04 0.00 0.00 0.00 NM
NGC 188 2M00282391+4-8513282 -43.0 + 0.2 -0.32 4+ 0.01 1.55 + 0.03 -5.26 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO002839714-8530377 -48.9 + 0.2 0.08 £+ 0.01 -2.86 £+ 0.03 1.61 + 0.03 0.00 0.00 0.00 NM
NGC 188 2M00285616+4-8458283 -12.5 + 0.1 -0.22 4+ 0.01 -1.00 4+ 0.03 1.16 + 0.03 0.00 0.00 0.00 NM
NGC 188 2MO002908834-8538194 -55.8 + 0.1 -0.43 £+ 0.01 5.56 + 0.03 -3.56 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00293513+8453101 -6.0 + 0.0 0.08 + 0.01 15.36 + 0.04 12.22 £+ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003020554-8538318 -37.9 + 2.5 0.40 £+ 0.01 8.17 4+ 0.03 9.71 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00302772+8505006 -18.5 + 0.1 0.25 + 0.01 2.72 £ 0.03 -0.39 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003046834-8506596 -44.0 + 0.1 -0.38 £+ 0.01 -1.18 4+ 0.02 -0.95 + 0.03 0.00 0.00 0.00 NM
NGC 188 2M00310678+8508494 -12.3 £ 0.4 0.04 + 0.01 23.69 £ 0.04 -5.87 £ 0.05 0.00 -1.00 0.00 NM
NGC 188 2MO00311352+4-8448490 5.5 + 0.1 -0.19 £+ 0.01 12.54 £+ 0.05 -16.47 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00320079+8511465 -42.3 + 0.0 0.17 + 0.01 -2.34 + 0.04 -1.11 £ 0.04 0.00 0.00 0.64 NM
NGC 188 2MO003204264-8522568 -63.4 + 0.7 -0.61 £+ 0.01 -1.36 + 0.04 1.69 £ 0.05 0.00 0.00 0.00 NM
NGC 188 2M00320949+8502263 -44.3 £ 0.1 0.07 + 0.01 -1.82 + 0.11 5.26 + 0.09 0.00 -1.00 0.00 NM
NGC 188 2M00321775+4-8519580 -16.9 + 0.1 0.25 £+ 0.01 6.87 4+ 0.03 1.65 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003221204-8518390 -51.8 £+ 32.5 -0.01 £+ 0.01 -2.28 £+ 0.04 -1.09 £+ 0.03 0.00 0.00 0.74 NM
NGC 188 2M003222634-8526069 -41.1 + 0.4 -0.53 £+ 0.01 -2.17 4+ 0.04 4.70 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO00325164+4-8445517 -24.0 =+ 0.0 -0.03 £+ 0.01 -0.93 £+ 0.03 1.04 £ 0.03 0.00 0.00 0.00 NM
NGC 188 2M003258074-8512069 -61.0 + 0.1 -0.04 £+ 0.01 -0.38 4+ 0.04 -0.12 4+ 0.04 0.00 0.00 0.00 NM
NGC 188 2MO003300934-8454150 -4.5 £ 0.2 0.00 £ 0.01 -10.38 £ 0.04 -7.76 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00332038+-8454103 -3.4 £ 0.1 0.25 4+ 0.01 22.69 £ 0.05 10.41 £+ 0.05 0.00 -1.00 0.00 NM
NGC 188 2MO003320744-8510002 -1.0 £ 0.1 0.44 £+ 0.01 11.05 + 0.04 -0.26 £+ 0.04 0.00 0.00 0.00 NM
NGC 188 2M003328174-8451593 -73.5 + 0.0 -0.00 4+ 0.01 -14.57 £ 0.31 -5.05 + 0.24 0.00 -1.00 0.00 NM
NGC 188 2MO003343204-8523017 -68.7 + 1.2 -0.18 £+ 0.01 0.67 £+ 0.03 3.71 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00334975+4-8448198 -59.2 + 0.1 -0.27 4+ 0.01 -0.44 4+ 0.04 -0.91 4+ 0.04 0.00 0.00 0.00 NM
NGC 188 2MO003411504-8526111 -41.9 + 0.2 -0.53 £+ 0.01 -2.14 £+ 0.04 -2.84 + 0.04 0.00 0.00 0.00 NM
NGC 188 2M003434874-8452069 -37.2 + 63.7 -0.15 4+ 0.01 -11.91 £ 0.06 0.62 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO003445094-8512058 -38.8 + 6.8 0.07 £+ 0.01 -2.34 £+ 0.04 -1.11 4+ 0.04 0.26 0.06 0.62 GM
NGC 188 2M00345382+4-8532431 -8.8 £ 0.0 -0.01 4+ 0.01 16.01 + 0.03 6.54 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003459674-8524489 -26.0 + 0.2 -0.36 £+ 0.01 3.94 £+ 0.04 5.43 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M003503244-8452103 -43.0 + 0.1 -0.25 4+ 0.01 -7.30 + 0.07 1.65 £+ 0.05 0.00 0.00 0.00 NM
NGC 188 2MO003607734-8534155 -58.0 = 0.6 0.12 £+ 0.01 15.49 4+ 0.04 4.09 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00362011+8445432 4.3 £ 0.2 0.18 + 0.01 24.06 £ 0.03 0.36 £ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003634164-8529046 -42.9 £+ 49.1 -0.17 £+ 0.01 -7.29 £+ 0.04 3.07 &+ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00364556+8454157 7.9+ 0.2 -0.01 £ 0.01 14.98 + 0.05 0.37 £ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO0036517748451529 -29.2 + 0.0 -0.21 £+ 0.01 5.49 4+ 0.18 1.60 + 0.13 0.00 -1.00 0.00 NM
NGC 188 2M00370172+8455256 -38.5 + 0.5  -0.62 + 0.01 -0.11 + 0.04 -8.94 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO003705404-8506214 -36.2 + 0.2 0.16 £+ 0.01 4.77 + 0.03 3.54 + 0.03 0.01 -1.00 0.00 NM
NGC 188 2MO00370650+4-8507344 3.9+ 0.1 -0.16 £ 0.01 4.40 £ 0.04 -0.86 + 0.04 0.00 0.00 0.00 NM
NGC 188 2MO00373960+4-8457317 -17.8 = 0.4 0.01 £+ 0.01 -11.39 £ 0.03 3.77 &£ 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00383864+8523453 -26.9 + 0.2 0.02 + 0.01 0.13 £ 0.04 2.11 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00383985+-8500218 -15.4 + 0.0 -0.16 £+ 0.01 1.01 + 0.04 1.67 £+ 0.03 0.00 0.00 0.00 NM
NGC 188 2M00392911+8443569 -15.4 + 0.1 0.33 £ 0.01 47.02 £+ 0.05 19.91 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M003929344-8500595 -47.9 + 0.7 -0.31 £+ 0.01 44.61 £ 0.03 -13.93 £ 0.02 0.01 -1.00 0.00 NM
NGC 188 2MO003945244-8449597 -42.1 + 0.2 0.01 £+ 0.01 -2.25 £+ 0.05 -0.94 £+ 0.03 0.00 0.00 0.93 NM
NGC 188 2M003951934-8520363 -0.2 £ 0.0 0.02 £+ 0.01 19.00 £+ 0.04 -2.30 4+ 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO004016834-8531380 -22.0 + 0.3 0.20 £+ 0.01 4.22 £+ 0.03 -4.24 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M004043184-8510373 -8.3 £ 0.6 -0.35 4+ 0.01 2.77 + 0.04 -1.51 4+ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO004045704-8514568 -9.8 £ 0.0 0.26 £+ 0.01 9.51 £+ 0.03 6.37 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2M004053904-8527104 -42.4 + 0.0 -0.04 4+ 0.01 -2.88 4+ 0.02 2.50 £ 0.02 0.97 0.00 0.00 NM
NGC 188 2MO004100204-8511328 -24.4 + 0.1 0.18 £+ 0.01 -9.19 £ 0.04 4.72 + 0.04 0.00 0.42 0.00 NM
NGC 188 2M00410552+4-8448262 -14.9 + 0.1 -0.03 4+ 0.01 -5.43 4+ 0.06 10.68 £+ 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO004130784-8502123 -13.8 + 0.1 -0.68 £+ 0.01 19.81 + 0.04 -6.78 + 0.03 0.00 0.00 0.00 NM
NGC 188 2M004140224-8545581 -23.9 + 0.1 0.08 4+ 0.01 0.32 4+ 0.03 1.60 £+ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO004149284-8505299 -23.5 + 0.1 0.17 £+ 0.01 30.40 £ 0.03 -0.53 £+ 0.02 0.00 -1.00 0.00 NM
NGC 188 2M004151974-8527070 -42.6 + 0.1 0.17 4+ 0.01 -2.20 4+ 0.04 -1.01 4+ 0.04 0.94 0.70 0.82 GM
NGC 188 2M004203474-8522520 -80.4 + 0.1 -0.19 £+ 0.01 -0.75 £+ 0.05 1.92 + 0.04 0.00 0.00 0.00 NM
NGC 188 2M004203494-8501088 -34.0 + 0.1 0.06 4+ 0.01 52.92 £ 0.05 24.38 £+ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00421194+48454240 -72.5 + 0.1 -0.47 £+ 0.01 -13.54 £ 0.05 17.93 £+ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00421653+4-8544323 -23.1 + 0.2 0.01 4+ 0.01 0.33 4+ 0.03 1.15 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO004225704-8516219 -40.3 + 0.0 0.14 £+ 0.01 -2.03 £+ 0.05 -0.82 £+ 0.04 0.70 0.99 0.18 GM

Continued on next page

95



Table A.1 — Continued

Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 188 2MO004237664-8450214 -23.4 + 0.2 -0.36 £+ 0.01 2.60 £ 0.06 2.55 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00432328+-8448184 -50.9 + 0.1 0.26 4+ 0.01 -4.77 + 0.03 -0.04 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO004349314-8522225 -54.8 + 0.1 -0.42 £+ 0.01 63.07 £ 0.04 -1.50 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M004418124-8516024 -36.7 + 9.5 0.05 4+ 0.01 -14.70 £ 0.03 6.63 + 0.02 0.02 -1.00 0.00 NM
NGC 188 2MO004444604-8532163 -42.2 + 0.1 0.14 £+ 0.01 -2.38 £+ 0.03 -0.93 £+ 0.02 0.99 0.96 0.92 GM
NGC 188 2M004445214-8525347 -45.2 + 0.1 0.02 4+ 0.01 0.48 4+ 0.04 2.71 £ 0.03 0.24 -1.00 0.00 NM
NGC 188 2MO00445183+4-8446137 1.6 £ 0.1 0.24 £+ 0.01 -13.62 £ 0.05 -3.63 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00454489+8504180 -42.6 + 0.8 0.12 + 0.01 -2.16 + 0.04 -0.96 + 0.03 0.95 0.80 0.71 GM
NGC 188 2MO004547644-8500111 -109.6 £ 0.1 -0.06 £+ 0.01 -0.59 + 0.45 2.88 £ 0.33 0.00 0.00 0.00 NM
NGC 188 2M00454828+8451091 -47.2 £ 0.1 0.11 + 0.01 -6.10 + 0.04 -3.83 £ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO0046275748510261 -17.2 + 0.0 -0.29 £+ 0.01 0.60 £+ 0.03 -1.30 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2M00463232+8449541 -59.2 + 0.1 0.13 + 0.01 -3.09 + 0.04 3.21 £ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO00463676+48541092 -22.4 + 0.1 0.07 £+ 0.01 5.51 4+ 0.03 -3.54 + 0.02 0.00 0.00 0.00 NM
NGC 188 2M00463801+8441448 -52.6 + 4.7 -0.10 £ 0.01 1.71 £ 0.05 3.56 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO004639204-8523336 -41.0 + 4.9 0.13 £+ 0.01 -2.59 + 0.04 -0.70 + 0.04 0.87 0.93 0.13 GM
NGC 188 2M00465109+8441110 -46.4 + 0.2 -0.13 £ 0.01 -2.50 + 0.03 -0.52 + 0.02 0.00 0.00 0.03 NM
NGC 188 2M00465194+4-8459289 4.3 £ 1.7 -0.51 £+ 0.01 0.56 + 0.05 -3.24 4+ 0.04 0.00 0.00 0.00 NM
NGC 188 2MO004703304-8542522 -104.5 £ 0.1 -0.45 £+ 0.01 -0.09 £ 0.03 1.73 £ 0.02 0.00 0.00 0.00 NM
NGC 188 2M004717544-8456301 -65.4 + 0.2 -0.12 £+ 0.01 24.15 £+ 0.04 -8.18 4+ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO004729754-8524140 -40.9 + 0.0 0.18 £+ 0.01 -2.37 £+ 0.05 -0.95 £+ 0.04 0.86 0.44 0.95 GM
NGC 188 2M004730594-8528566 -42.2 + 0.2 0.02 £+ 0.01 -2.33 + 0.04 -1.01 4+ 0.04 0.99 0.00 0.94 NM
NGC 188 2MO004730764-8454480 -12.4 + 0.4 -0.06 £+ 0.01 12.93 + 0.30 4.26 + 0.23 0.00 -1.00 0.00 NM
NGC 188 2M00473246+4-8448081 -81.8 + 0.3 -0.48 4+ 0.01 24.98 + 0.04 -3.42 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO004753154-8504023 -13.7 £ 0.3 -0.25 £+ 0.01 -2.72 £+ 0.03 -2.50 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00475858+4-8458472 -31.0 + 0.1 0.13 4+ 0.01 3.16 4+ 0.31 8.02 4+ 0.20 0.00 -1.00 0.00 NM
NGC 188 2MO004829234-8520326 -43.3 + 0.1 -0.29 £+ 0.01 -10.85 £ 0.03 2.68 £ 0.02 0.78 -1.00 0.00 NM
NGC 188 2M004919174-8440009 -27.1 + 0.0 0.36 4+ 0.01 31.06 £+ 0.03 4.36 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2M004920404-8518388 -67.8 + 0.0 0.18 £+ 0.01 -13.22 £ 0.05 -24.77 £ 0.03 0.00 -1.00 0.00 NM
NGC 188 2M004929854-8538189 -38.6 + 0.1 0.03 4+ 0.01 -7.12 + 0.03 -7.27 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2MO004931474-8500016 -20.5 + 0.6 -0.21 £+ 0.01 -13.35 £ 0.10 9.36 + 0.07 0.00 -1.00 0.00 NM
NGC 188 2M004934694-8547296 -27.3 £ 0.2 -0.29 4+ 0.01 16.79 + 0.07 2.10 £ 0.06 0.00 0.00 0.00 NM
NGC 188 2MO004935684-8544408 5.6 £ 1.0 -0.38 £+ 0.01 -8.24 £+ 0.15 -6.33 + 0.05 0.00 -1.00 0.00 NM
NGC 188 2M00493706+4-8529330 -6.8 £ 0.1 -0.05 4+ 0.01 6.35 + 0.06 -3.62 + 0.05 0.00 -1.00 0.00 NM
NGC 188 2M00494354 48454272 -114.2 £ 0.1 -0.49 £+ 0.01 -1.37 £+ 0.04 0.71 4+ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO00504066+-8453499 25.3 £ 0.1 -0.36 + 0.01 22.42 £+ 0.03 -9.46 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO005121764-8512377 -40.2 + 0.1 0.13 £+ 0.01 -2.43 £+ 0.03 -0.86 + 0.02 0.67 0.88 0.72 GM
NGC 188 2M00513648+8443583 -42.9 + 5.7 0.33 + 0.01 -10.90 + 0.04 -0.45 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO005208454-8519573 -60.3 + 0.1 -0.43 £+ 0.01 -0.36 £+ 0.05 0.55 + 0.04 0.00 0.00 0.00 NM
NGC 188 2M00520873+8517190 -45.2 + 0.4 0.07 + 0.01 22.65 £ 0.05 25.29 £ 0.03 0.23 -1.00 0.00 NM
NGC 188 2MO0052277748444434 -40.3 + 0.0 0.03 £+ 0.01 -2.58 4+ 0.04 0.14 4+ 0.04 0.00 0.00 0.00 NM
NGC 188 2M00523662+8500184 -19.7 £ 0.2 -0.03 £ 0.01 0.07 £ 0.06 0.99 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO005308104-8450348 -29.0 + 0.1 -0.46 £+ 0.01 -0.27 £+ 0.04 1.03 £+ 0.03 0.00 0.00 0.00 NM
NGC 188 2M00532016+8508553 -22.2 + 1.0 0.16 + 0.01 -23.01 + 0.05 -2.49 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2M00533497+4-8511145 -42.1 + 0.1 0.10 £+ 0.01 -2.32 4+ 0.03 -0.89 + 0.02 1.00 0.36 0.93 GM
NGC 188 2M00533572+8520583 -42.7 £ 0.1 0.16 + 0.01 -2.27 + 0.04 -0.97 £ 0.04 0.92 0.92 0.97 GM
NGC 188 2M00541152+4-8515231 -42.1 + 0.1 0.14 £+ 0.01 -2.33 + 0.05 -0.87 + 0.04 1.00 1.00 0.88 GM
NGC 188 2MO005422874-8455398 -42.6 + 0.1 0.11 £+ 0.01 -2.28 £+ 0.03 -0.94 £+ 0.03 0.00 0.00 0.97 NM
NGC 188 2M005429894-8450545 -36.4 + 0.7 -0.14 £+ 0.02 -7.34 £+ 0.03 1.44 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2MO005436644-8501152 -42.4 + 0.0 0.16 £+ 0.01 -2.30 £+ 0.05 -0.91 £+ 0.04 0.97 0.85 0.95 GM
NGC 188 2M005511014-8522510 -83.1 + 3.2 0.01 £+ 0.01 2.54 4+ 0.08 -14.57 £ 0.06 0.00 -1.00 0.00 NM
NGC 188 2MO005525824-8542389 -27.2 £ 0.5 -0.36 £+ 0.01 -1.01 £+ 0.02 0.03 £ 0.02 0.00 0.00 0.00 NM
NGC 188 2M00554526+4-8512209 -40.0 + 0.1 -0.33 4+ 0.01 -2.53 4+ 0.05 0.22 4+ 0.04 0.59 0.00 0.00 NM
NGC 188 2MO00554649+4-8454427 -21.8 + 0.2 -0.45 £+ 0.01 -1.40 £+ 0.03 1.18 + 0.02 0.00 0.00 0.00 NM
NGC 188 2M005613814-8450190 -56.7 + 0.0 -0.15 4+ 0.01 -7.39 4+ 0.04 0.58 4+ 0.03 0.00 -1.00 0.00 NM
NGC 188 2MO005622554-8459582 10.0 £ 0.0 -0.09 £+ 0.01 -0.30 £+ 0.05 8.95 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2M005718444-8510288 -42.0 + 0.0 0.18 4+ 0.01 -2.34 4+ 0.05 -0.87 + 0.03 1.00 0.46 0.87 GM
NGC 188 2MO005734874-8542430 -49.0 + 0.3 -0.20 £+ 0.01 21.35 £ 0.03 -14.99 £ 0.02 0.00 -1.00 0.00 NM
NGC 188 2M005737194-8452524 -56.0 + 0.7 0.13 4+ 0.01 -17.07 £ 0.03 -2.78 + 0.02 0.00 -1.00 0.00 NM
NGC 188 2MO005747954-8502290 -96.5 +103.0 -0.87 £+ 0.01 -13.08 £ 0.03 7.97 £ 0.03 0.00 0.00 0.00 NM
NGC 188 2M00581608+-8528569 -26.0 + 0.2 0.18 4+ 0.01 8.04 4+ 0.11 6.84 + 0.10 0.00 -1.00 0.00 NM
NGC 188 2MO005816914-8540183 -42.7 + 0.1 0.18 £+ 0.01 -2.31 £+ 0.03 -0.70 £+ 0.03 0.00 0.00 0.32 NM
NGC 188 2M005912124-8458279 -210.7 £ 0.1 -0.69 4+ 0.01 -1.61 4+ 0.03 1.79 £+ 0.02 0.00 0.00 0.00 NM
NGC 188 2MO005912664-8529340 -1.1 £ 0.1 -0.08 £+ 0.01 6.85 + 0.04 -16.20 £ 0.03 0.00 -1.00 0.00 NM
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NGC 188 2MO005934094-8503084 -89.6 + 0.9 -0.79 £+ 0.01 8.24 £+ 0.05 -5.65 + 0.03 0.00 -1.00 0.00 NM
NGC 188 2M00595090+4-8450392 -3.7 £ 0.0 0.05 4+ 0.01 1.11 + 0.05 -0.51 + 0.04 0.00 0.00 0.00 NM
NGC 188 2MO010003424-8452559 -47.9 + 0.1 -0.12 £+ 0.01 1.33 + 0.05 0.58 + 0.04 0.00 0.00 0.00 NM
NGC 188 2M010022794-8535123 -104.8 £ 0.1 -0.42 4+ 0.01 -1.13 4+ 0.04 0.35 4+ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO010034834-8503198 -42.0 + 0.1 0.12 £+ 0.01 -2.36 + 0.04 -0.92 £+ 0.03 0.00 0.00 0.95 NM
NGC 188 2M010128244-8456243 -53.3 £ 0.1 0.28 4+ 0.01 12.96 + 0.05 6.92 4+ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO010135384-8515100 -80.2 + 0.1 0.10 &+ 0.01 -2.95 £+ 0.03 -0.09 £+ 0.02 0.00 0.30 0.00 NM
NGC 188 2M01013568+8522254 -50.5 + 7.1 0.16 + 0.01 -2.39 + 0.04 -0.80 + 0.03 0.00 0.00 0.61 NM
NGC 188 2MO010143744-8535599 -4.6 £ 0.1 -0.32 £+ 0.01 12.35 £+ 0.04 -1.44 4+ 0.03 0.00 -1.00 0.00 NM
NGC 188 2M01015206+8506329 -42.1 + 0.0 0.15 + 0.01 -2.29 + 0.06 -0.85 + 0.04 0.00 0.00 0.80 NM
NGC 188 2MO010252804-8517563 -42.1 + 0.1 0.12 £+ 0.01 -2.40 £+ 0.05 -0.78 + 0.03 0.00 0.00 0.55 NM
NGC 188 2M01040237+8516593 -14.9 £ 0.1 -0.24 + 0.01 0.46 £ 0.04 4.13 £ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO010449304-8455570 -101.9 £ 0.2 -0.11 £+ 0.01 -1.49 £+ 0.04 1.25 + 0.03 0.00 0.00 0.00 NM
NGC 188 2M01045184+8535464 -104.9 £ 4.1 -0.95 £ 0.01 -0.28 + 0.03 0.18 £ 0.03 0.00 0.00 0.00 NM
NGC 188 2MO010514954-8448210 -60.6 + 0.1 -0.03 £+ 0.01 1.71 + 0.07 2.67 £ 0.08 0.00 0.00 0.00 NM
NGC 188 2M01054356+8514412 -11.3 £ 0.3 0.05 + 0.01 15.46 + 0.05 1.92 £ 0.04 0.00 -1.00 0.00 NM
NGC 188 2M01073954+4-8504072 1.4+ 14 0.03 £+ 0.02 1.43 + 0.05 -4.97 + 0.04 0.00 -1.00 0.00 NM
NGC 188 2MO01082326+4-8457027 -119.2 £ 0.1 -0.44 £+ 0.01 -1.04 £+ 0.03 0.49 £+ 0.02 0.00 0.00 0.00 NM
NGC 188 2M01083610+4-8504122 -46.4 + 0.1 0.13 £+ 0.01 -5.60 £+ 0.03 2.81 £ 0.02 0.00 0.00 0.00 NM
NGC 188 2MO011110894-8517361 -102.6 £ 0.1 -0.09 £+ 0.01 5.19 £+ 0.03 -1.66 + 0.02 0.00 0.00 0.00 NM
1C 166 2MO015030144-6148068 -68.0 = 0.3 -0.44 £+ 0.01 1.13 + 0.04 -0.76 £+ 0.06 0.00 0.00 0.00 NM
IC 166 2M015125194-6203439 -63.7 + 1.4 -0.14 4+ 0.01 0.08 4+ 0.05 0.30 4+ 0.07 0.00 0.00 0.00 NM
1C 166 2MO015136034-6138099 -94.7 + 0.1 -0.23 £+ 0.01 -0.06 £+ 0.04 -0.77 + 0.06 0.00 0.00 0.00 NM
IC 166 2M015149754-6150556 -39.8 + 0.4 -0.05 4+ 0.01 -1.44 4+ 0.06 1.11 + 0.09 0.96 0.97 1.00 GM
IC 166 2MO015154734-6148552 -39.8 + 0.3 -0.08 £+ 0.01 -1.48 4+ 0.06 1.17 £ 0.08 0.96 0.79 0.99 GM
IC 166 2M01520006+4-6153008 -41.2 + 0.3 0.05 4+ 0.01 -1.37 + 0.06 1.15 + 0.08 0.94 0.00 0.86 NM
1C 166 2MO015201374-6159477 -41.0 + 0.1 -0.04 £+ 0.01 0.26 £+ 0.04 -0.17 + 0.05 0.00 0.00 0.00 NM
IC 166 2M01520209+6147453 -39.8 +£ 0.2 -0.01 + 0.01 -1.54 + 0.06 1.29 £ 0.08 0.96 0.16 0.81 GM
1C 166 2MO015207704-6150058 -40.0 + 0.4 -0.09 £+ 0.01 -1.24 4+ 0.06 1.15 £+ 0.09 0.97 0.60 0.42 GM
IC 166 2M01521347+6152558 -44.1 £ 0.7 -0.05 + 0.01 -1.44 + 0.06 1.29 £ 0.09 0.23 0.97 0.74 GM
1C 166 2MO015215094-6151407 -40.2 + 0.2 -0.05 £+ 0.01 -1.46 £+ 0.04 1.07 £ 0.06 0.99 0.91 0.96 GM
IC 166 2M01522060+6150364 -37.4 4+ 0.1 -0.04 £ 0.01 -1.44 + 0.05 1.20 £ 0.06 0.37 0.66 0.93 GM
1C 166 2MO0152207746153186 -37.6 + 0.0 -0.13 £+ 0.01 -1.48 4+ 0.03 1.12 + 0.05 0.41 -1.00 0.99 DM
I1C 166 2M01522289+6148493 -40.9 + 0.1 0.02 + 0.01 -1.48 + 0.05 1.09 £+ 0.07 0.98 0.01 0.95 NM
1C 166 2M015223574-6154011 -40.0 + 0.2 -0.09 £+ 0.01 -1.45 4+ 0.04 1.10 + 0.06 0.98 0.54 0.99 GM
IC 166 2M01522919+6159381 -42.6 + 0.7  -0.04 + 0.01 -1.59 + 0.03 1.38 £ 0.04 0.00 0.00 0.59 NM
1C 166 2M015229534-6151427 -41.3 + 0.1 -0.04 £+ 0.01 -1.46 £+ 0.04 1.14 + 0.05 0.93 0.75 1.00 GM
IC 166 2MO015233244-6152050 -42.2 + 0.1 -0.06 £ 0.01 -1.28 £+ 0.04 1.17 £ 0.06 0.73 0.99 0.56 GM
I1C 166 2M01523388+4-6149126 -41.5 + 0.1 0.05 £+ 0.01 -1.53 £+ 0.07 1.32 £+ 0.09 0.90 0.00 0.76 NM
IC 166 2MO015235134-6154318 -39.3 £ 0.1 -0.08 £+ 0.01 -1.42 £+ 0.04 1.17 £ 0.06 0.86 0.74 0.95 GM
IC 166 2M015241364-6151507 -42.0 + 0.0 -0.05 + 0.01 -1.58 4+ 0.05 1.21 + 0.07 0.78 0.96 0.83 GM
IC 166 2MO015245154-6153369 -39.9 + 0.2 -0.08 £+ 0.01 -1.40 £+ 0.04 1.18 + 0.06 0.97 0.69 0.90 GM
IC 166 2M015250744-6145411 -39.7 + 0.1 -0.09 4+ 0.01 -1.48 4+ 0.04 1.03 + 0.06 0.94 0.60 0.83 GM
IC 166 2MO015254354-6152344 -95.8 + 7.3 -0.55 £+ 0.01 -0.55 £+ 0.08 0.37 &£ 0.11 0.00 0.00 0.00 NM
IC 166 2M015255434-6148504 -41.7 + 0.2 -0.07 4+ 0.01 -1.41 4+ 0.04 1.00 £ 0.06 0.85 0.94 0.85 GM
IC 166 2MO015313584-6151269 -92.5 + 0.0 -0.10 £+ 0.01 -2.50 £+ 0.04 -0.03 £+ 0.06 0.00 0.24 0.00 NM
IC 166 2M015317214-6159383 -128.3 £+ 0.0 -0.25 4+ 0.01 -0.95 4+ 0.05 0.12 4+ 0.06 0.00 0.00 0.00 NM
1C 166 2MO015338014-6142438 -105.4 £ 0.0 0.22 £+ 0.01 -3.08 £+ 0.03 1.47 £ 0.05 0.00 0.00 0.00 NM
Berkeley 66 2MO030314174-5843004 -55.5 + 0.0 -0.13 £+ 0.01 0.13 4+ 0.16 -0.24 + 0.14 0.00 0.00 0.86 NM
Berkeley 66 ~ 2M03040128+-5846422 -50.2 £ 0.0  -0.11 + 0.01 0.06 £ 0.19 -0.15 + 0.16 1.00 0.81 0.93 GM
Berkeley 66 2MO030403714-5844017 -49.8 + 0.1 -0.14 £+ 0.01 -0.18 £+ 0.18 -0.10 + 0.15 0.94 0.89 0.98 GM
Berkeley 66 ~ 2M03040715+5847555 -31.0 £ 0.1  -0.24 + 0.01 -1.55 + 0.14 -2.23 + 0.14 0.00 0.00 0.00 NM
Berkeley 66 2MO03040784+4-5846174 -75.3 + 0.1 -0.01 £+ 0.01 -0.32 £+ 0.12 0.38 + 0.10 0.00 0.00 0.84 NM
Berkeley 66 2M03041010+4-5845484 -50.4 + 0.0 -0.15 £+ 0.01 0.01 £+ 0.21 0.26 + 0.14 0.92 0.55 0.89 GM
Berkeley 66 2M03041054+4-5847594 -36.4 + 0.0 -0.11 £+ 0.01 -0.85 4+ 0.09 -2.03 + 0.07 0.00 0.00 0.00 NM
Berkeley 66 2MO03041368+4-5843387 -49.9 + 0.1 -0.14 £+ 0.01 -0.22 £+ 0.20 0.25 + 0.16 0.96 0.93 0.94 GM
Berkeley 66 2M030421134-5845433 -50.7 + 0.0 -0.14 £+ 0.01 -0.20 £+ 0.16 0.07 + 0.13 0.80 0.92 0.99 GM
Berkeley 66 2MO030425354-5847399 -63.8 + 0.1 -0.29 £ 0.01 0.39 £+ 0.25 0.73 £+ 0.20 0.00 0.00 0.36 NM
Berkeley 66 2M030427974-5845042 -49.9 + 0.1 -0.11 4+ 0.01 0.31 4+ 0.25 -0.23 + 0.16 0.96 0.60 0.74 GM
Berkeley 66 2MO03042930+4-5846337 -62.0 + 1.2 0.04 £+ 0.01 0.48 £+ 0.15 -1.62 + 0.12 0.00 0.00 0.04 NM
Berkeley 66 2M030431324-5846570 -17.9 + 0.1 -0.32 4+ 0.01 -0.44 £+ 0.16 0.16 + 0.12 0.00 0.00 0.88 NM
Berkeley 66 2MO03043163+4-5844477 -49.5 + 0.0 -0.11 £+ 0.01 -0.10 £+ 0.15 -0.01 £+ 0.12 0.00 0.00 1.00 NM
NGC 1245 2MO031242084-4720598 -22.6 + 0.0 -0.19 £+ 0.01 -3.01 £+ 0.09 -3.37 + 0.08 0.00 0.00 0.00 NM
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NGC 1245 2M031247294-4707150 -3.9 £ 0.1 -0.02 £+ 0.01 -0.22 £+ 0.09 -0.76 £+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03130140+4-4725188 -57.8 + 0.0 0.12 4+ 0.01 -1.94 4+ 0.05 -0.99 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031323744-4730260 -4.4 £ 0.1 -0.30 £+ 0.01 13.69 £+ 0.07 -6.39 + 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03132425+4-4725485 3.3+ 0.1 -0.19 4+ 0.01 19.80 + 0.05 -25.89 £+ 0.05 0.00 -1.00 0.00 NM
NGC 1245 2M03134113+4733169 -40.1 + 0.1 -0.11 £+ 0.01 1.37 + 0.05 -1.37 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2M03135098+4-4722010 -29.3 + 0.2 -0.00 4+ 0.01 0.60 4+ 0.05 -1.59 4+ 0.04 0.00 0.00 0.92 NM
NGC 1245 2MO031356694-4705538 49.6 + 0.0 -0.09 £+ 0.01 7.04 £ 0.09 -7.03 £+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03135719+4709350 -49.5 + 0.2 -0.39 + 0.01 -2.23 + 0.25 1.51 £ 0.22 0.00 0.00 0.00 NM
NGC 1245 2MO03140068+4-4716181 -15.7 + 0.1 -0.18 £+ 0.01 1.31 + 0.05 -0.21 4+ 0.04 0.00 0.00 0.00 NM
NGC 1245 2M03140338+4726224 -73.7 £ 0.0  -0.04 + 0.01 -2.60 + 0.07 -1.09 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031407244-4703122 -19.3 + 0.1 -0.09 £+ 0.01 -0.21 £+ 0.09 -0.21 4+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03140839+4716330 -29.1 £ 0.0  -0.04 + 0.01 0.50 £ 0.05 -1.64 + 0.04 0.99 0.51 0.93 GM
NGC 1245 2MO031410404-4708453 -46.7 + 0.0 -0.59 £+ 0.01 -0.16 £+ 0.05 -0.37 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2M03141134+4709173 -29.4 £ 0.0  -0.05 + 0.01 0.47 £ 0.08 -1.61 + 0.06 1.00 0.82 0.96 GM
NGC 1245 2MO03141166+4-4718037 -13.8 + 0.1 -0.24 £+ 0.01 -0.38 £+ 0.07 -0.95 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2M03141268+4717315 -29.9 £ 0.1 -0.09 + 0.01 0.42 £ 0.05 -1.58 + 0.04 0.94 0.17 0.90 GM
NGC 1245 2M03142464+4-4711327 -29.9 + 0.2 -0.06 £+ 0.01 0.55 + 0.05 -1.64 + 0.04 0.95 1.00 0.92 GM
NGC 1245 2M031424724-4720598 5.0 £ 0.3 0.15 £+ 0.01 -0.03 £+ 0.24 -1.07 £+ 0.20 0.00 -1.00 0.00 NM
NGC 1245 2M031429014-4700105 -66.4 + 1.3 -0.34 £+ 0.01 0.10 £ 0.06 -0.11 4+ 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031431004-4714204 -30.3 =+ 0.0 -0.06 £+ 0.01 0.30 £+ 0.05 -1.68 + 0.04 0.83 0.98 0.58 GM
NGC 1245 2M03143256+4-4716277 -28.2 + 0.1 -0.07 4+ 0.01 0.43 £+ 0.06 -1.64 + 0.04 0.76 0.91 0.87 GM
NGC 1245 2MO031435584-4732345 -53.6 + 0.0 -0.24 £+ 0.01 -0.99 £ 0.08 -1.25 4+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M031438194-4720444 -29.2 + 0.0 -0.04 4+ 0.01 0.59 4+ 0.04 -1.60 + 0.03 0.99 0.55 0.93 GM
NGC 1245 2MO031438234-4724503 -20.0 + 0.1 -0.07 £+ 0.01 -0.00 £ 0.09 -1.46 + 0.07 0.00 0.81 0.05 NM
NGC 1245 2M03143888+4-4718202 -28.3 + 0.0 -0.08 4+ 0.01 0.47 4+ 0.05 -1.56 + 0.04 0.81 0.63 0.98 GM
NGC 1245 2MO031439774-4714400 -26.6 + 0.7 -0.06 £+ 0.01 0.49 £+ 0.04 -1.69 £+ 0.04 0.21 1.00 0.83 GM
NGC 1245 2M0314397744716488 -18.2 + 2.7 -0.10 4+ 0.01 0.58 4+ 0.05 -1.76 + 0.04 0.00 0.07 0.56 NM
NGC 1245 2M0314402144715280 -29.9 + 0.0 -0.05 £+ 0.01 0.41 £+ 0.04 -1.57 + 0.03 0.93 0.78 0.89 GM
NGC 1245 2M031441824-4717086 -39.3 + 1.6 -0.07 4+ 0.01 0.51 4+ 0.05 -1.64 + 0.04 0.00 0.84 0.93 NM
NGC 1245 2M0314440444712251 -44.3 + 0.4 -0.12 £+ 0.01 5.83 £+ 0.05 -5.78 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2M031445764-4723310 -49.9 + 0.1 -0.36 + 0.01 -2.02 + 0.05 -3.09 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2MO031446984-4711579 -30.4 + 0.1 -0.07 £+ 0.01 0.58 4+ 0.06 -1.58 + 0.05 0.80 0.75 0.96 GM
NGC 1245 2M031449114-4734214 -52.1 + 0.0 -0.23 4+ 0.01 -0.13 4+ 0.06 0.34 4+ 0.05 0.00 0.00 0.00 NM
NGC 1245 2M03145222+4-4720570 -67.8 + 2.2 0.05 £+ 0.01 -7.57 + 0.04 -11.07 £ 0.03 0.00 -1.00 0.00 NM
NGC 1245 2M031452604-4704431 -34.2 + 0.1 -0.04 4+ 0.01 0.77 4+ 0.07 -0.28 + 0.05 0.01 0.74 0.00 NM
NGC 1245 2MO031452654-4719245 -29.1 + 0.1 -0.10 £+ 0.01 0.36 + 0.05 -1.64 + 0.03 0.99 0.06 0.76 GM
NGC 1245 2M03145273+4714033 -29.5 + 0.1  -0.06 + 0.01 0.52 £ 0.04 -1.61 + 0.04 1.00 0.99 0.97 GM
NGC 1245 2MO03145518+4-4712146 -30.2 + 0.1 -0.03 £+ 0.01 0.51 + 0.05 -1.64 + 0.04 0.87 0.26 0.92 GM
NGC 1245 2M0314584144708245 -29.4 + 0.0  -0.10 £ 0.01 0.55 £ 0.05 -1.60 + 0.04 1.00 0.10 0.97 GM
NGC 1245 2MO031459504-4721138 -29.3 + 0.1 -0.00 £+ 0.01 0.53 £+ 0.05 -1.59 4+ 0.04 1.00 0.01 0.99 GM
NGC 1245 2M03150229+4713385 -8.7 £ 0.1  -0.08 + 0.01 -0.83 + 0.05 0.24 £ 0.04 0.00 0.64 0.00 NM
NGC 1245 2MO031502414-4719582 -28.9 + 0.1 -0.07 £+ 0.01 0.59 4+ 0.05 -1.67 + 0.04 0.96 0.83 0.81 GM
NGC 1245 2M03150510+4714411 -30.3 £ 0.0  -0.04 + 0.01 0.60 £ 0.05 -1.66 + 0.04 0.84 0.68 0.82 GM
NGC 1245 2M03150591+4-4704315 19.8 £+ 0.2 -0.16 £+ 0.01 2.42 4+ 0.10 -3.82 4+ 0.08 0.00 0.00 0.00 NM
NGC 1245 2MO031506144-4716352 -29.1 + 0.1 -0.06 £+ 0.01 0.53 £ 0.04 -1.54 + 0.04 0.99 0.96 0.99 GM
NGC 1245 2M031512444-4708556 -28.5 + 0.1 -0.07 £+ 0.01 0.45 4+ 0.06 -1.62 4+ 0.04 0.86 0.88 0.93 GM
NGC 1245 2MO031512534-4717291 -29.3 £ 0.1 -0.06 £+ 0.01 0.50 £ 0.04 -1.65 + 0.04 1.00 0.99 0.92 GM
NGC 1245 2M03151260+4-4721342 -54.3 + 0.1 -0.04 £+ 0.01 -0.91 £+ 0.05 -0.43 4+ 0.04 0.00 0.56 0.00 NM
NGC 1245 2MO031515604-4714338 -30.0 = 0.1 -0.12 £+ 0.01 0.51 £ 0.04 -1.66 + 0.04 0.92 0.01 0.89 NM
NGC 1245 2M03151881+4-4712051 -28.4 + 0.1 -0.06 + 0.01 0.51 4+ 0.04 -1.63 + 0.04 0.82 0.99 0.95 GM
NGC 1245 2MO031519754-4713477 -29.4 + 0.1 -0.06 £ 0.01 0.61 £+ 0.05 -1.66 + 0.04 1.00 1.00 0.81 GM
NGC 1245 2M031520164-4715253 -88.0 + 0.1 -0.43 4+ 0.01 -1.22 4+ 0.06 -0.32 4+ 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031528254-4710367 -5.7 £ 0.0 -0.17 £+ 0.01 -1.27 £+ 0.07 -0.92 £+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M031528264-4713235 -37.5 + 0.3 0.04 4+ 0.01 1.55 + 0.06 0.99 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031531554-4703269 -39.5 + 0.2 -0.16 £+ 0.01 0.17 £+ 0.05 -1.37 + 0.04 0.00 0.00 0.14 NM
NGC 1245 2M03153331+4-4715486 -42.8 + 4.0 -0.44 4+ 0.01 -0.91 4+ 0.04 -1.24 4+ 0.04 0.00 0.00 0.00 NM
NGC 1245 2MO031533674-4724292 -13.9 + 0.2 -0.47 £+ 0.01 2.18 £+ 0.06 -0.67 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2M03153878+4-4700490 -52.4 + 0.1 0.26 4+ 0.01 -0.74 4+ 0.07 -1.92 4+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2MO031542544-4713369 14.4 £ 0.9 -0.35 £+ 0.01 1.04 + 0.05 1.22 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2M0315447744713579 6.2 + 0.5 -0.24 4+ 0.01 -0.59 4+ 0.04 -0.36 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2MO031546684-4704100 -64.2 + 0.0 -0.41 £+ 0.01 2.27 + 1.28 -7.06 + 0.96 0.00 0.00 0.00 NM
NGC 1245 2MO031551764-4717426 -57.4 + 0.1 -0.48 4+ 0.01 -1.36 + 0.07 -1.78 + 0.08 0.00 0.00 0.00 NM
NGC 1245 2MO031556704-4727546 -21.8 + 0.1 0.03 + 0.01 -2.15 £+ 0.05 -2.96 + 0.05 0.00 0.00 0.00 NM
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Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 1245 2MO031610864-4711012 -92.3 + 0.1 -0.39 £+ 0.01 -1.69 £+ 0.05 0.02 £+ 0.04 0.00 0.00 0.00 NM
NGC 1245 2M03161476+4-4720510 -11.5 + 0.1 0.04 £+ 0.01 2.32 + 0.05 -3.00 + 0.04 0.00 0.00 0.00 NM
NGC 1245 2MO031626254-4706253 -60.1 + 0.0 -0.49 £+ 0.01 -0.52 £+ 0.06 -1.97 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2M03162869+4-4728134 -80.1 + 0.1 -0.38 4+ 0.01 -0.30 4+ 0.06 -0.01 + 0.05 0.00 0.00 0.00 NM
NGC 1245 2MO031634404-4707595 -24.3 + 0.2 -0.12 £+ 0.01 0.61 £+ 0.07 -0.43 £+ 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03164598+4-4718506 7.8 £ 0.1 -0.44 4+ 0.01 -1.66 + 0.06 -2.15 + 0.06 0.00 0.00 0.00 NM
NGC 1245 2M03164907+4711491 -58.6 = 0.1 -0.07 £+ 0.01 -3.31 £+ 0.05 -1.82 4+ 0.04 0.00 0.00 0.00 NM
King 7 2M03565231+4-5139284 -31.7 £ 0.1 -0.06 £+ 0.01 0.43 £+ 0.19 0.22 + 0.13 0.00 0.00 0.00 NM
King 7 2MO035702384-5148353 -32.4 + 0.2 -0.25 £+ 0.01 0.54 £+ 0.33 -1.13 £ 0.23 0.00 0.00 0.61 NM
King 7 2M03570990+4-5138053 -33.1 + 0.1 -0.05 £+ 0.01 2.45 + 0.13 -3.19 4+ 0.09 0.00 0.00 0.00 NM
King 7 2MO035731544-5156051 -36.6 + 0.2 -0.20 £+ 0.01 -0.16 £+ 0.04 2.23 £ 0.03 0.00 0.00 0.00 NM
King 7 2M03573428+4-5131377 -66.7 + 0.0 -0.09 £+ 0.01 0.33 4+ 0.13 -0.90 £+ 0.10 0.00 0.00 0.29 NM
King 7 2MO035747984-5148086 -72.2 £ 0.2 -0.34 £+ 0.01 -0.54 £+ 0.19 1.20 £ 0.12 0.00 0.00 0.00 NM
King 7 2M03575304+4-5157524 -47.2 + 0.1 -0.27 4+ 0.01 -0.50 £+ 0.19 -1.65 + 0.16 0.00 0.00 0.01 NM
King 7 2M03582042+45152284 -13.2 + 0.3 0.02 £+ 0.01 0.30 £ 0.06 -12.94 £ 0.05 0.69 -1.00 0.00 NM
King 7 2M03582676+4-5146556 11.4 £ 0.1 -0.01 4+ 0.01 -0.02 £+ 0.06 -3.69 + 0.05 0.00 0.01 0.00 NM
King 7 2MO035826794-5156303 -44.1 + 1.4 -0.20 £+ 0.01 -1.04 £+ 0.18 0.39 + 0.16 0.00 0.00 0.00 NM
King 7 2M035829534-5139275 -50.3 + 0.0 -0.18 4+ 0.01 -0.70 £+ 0.11 0.95 4+ 0.09 0.00 0.00 0.00 NM
King 7 2MO035836264-5201252 -0.6 £ 0.2 -0.09 £+ 0.01 371.70 £+ 0.09 -215.79 £+ 0.07 0.00 -1.00 0.00 NM
King 7 2M03584356+4-5137555 -49.7 + 0.1 0.12 4+ 0.01 3.75 4+ 0.07 -1.94 4+ 0.05 0.00 0.00 0.00 NM
King 7 2MO035844544-5200333 -29.5 + 0.0 0.09 £+ 0.01 1.14 + 0.06 -1.93 + 0.05 0.00 0.00 0.22 NM
King 7 2M035847744-5151379 -42.1 + 0.1 -0.23 4+ 0.01 -0.93 + 0.14 -1.96 + 0.12 0.00 0.00 0.00 NM
King 7 2MO0358511745148462 -10.9 + 0.0 0.01 £+ 0.01 0.72 £+ 0.13 -1.82 + 0.12 1.00 0.00 0.30 NM
King 7 2M035852794-5155016 3.5 + 0.8 0.14 4+ 0.01 6.80 4+ 0.08 -21.96 £ 0.07 0.00 -1.00 0.00 NM
King 7 2MO035858154-5133085 -65.9 + 0.1 -0.38 £+ 0.01 -0.34 £+ 0.17 2.73 £ 0.13 0.00 0.00 0.00 NM
King 7 2M03585931+4-5148593 -26.4 + 0.1 -0.30 4+ 0.01 0.51 4+ 0.10 -1.99 4+ 0.08 0.00 0.00 0.11 NM
King 7 2M03590292+4-5138021 9.0 £ 0.0 0.03 £+ 0.01 6.19 £+ 0.07 -4.29 + 0.05 0.00 0.00 0.00 NM
King 7 2M03590443+5148003 -10.8 +£ 0.1  -0.06 £ 0.01 1.23 £ 0.13 -1.18 + 0.12 1.00 0.98 0.95 GM
King 7 2MO035905714-5150002 7.8 £ 0.7 -0.08 £+ 0.01 0.67 £+ 0.10 -1.73 + 0.08 0.00 0.14 0.38 NM
King 7 2MO03590818+-5145215 -15.4 + 2.5 -0.03 £+ 0.01 1.24 + 0.14 -1.38 + 0.12 0.27 0.16 0.87 GM
King 7 2MO035909084-5158548 -23.6 + 0.3 0.03 £+ 0.01 4.57 + 0.05 -8.26 + 0.05 0.00 -1.00 0.00 NM
King 7 2M03590945+5145379 -6.9 + 0.1 0.03 + 0.01 0.56 £ 0.10 -1.32 £ 0.09 0.47 0.00 0.64 NM
King 7 2MO035910134-5145193 -10.5 + 0.0 -0.06 £+ 0.01 1.17 + 0.10 -1.34 4+ 0.09 1.00 0.88 0.93 GM
King 7 2M03591747+5147014 -10.7 £ 0.0  -0.01 + 0.01 1.19 £+ 0.13 -1.36 + 0.11 1.00 0.00 0.91 NM
King 7 2M03592828+-5148425 -10.9 + 0.1 -0.06 £+ 0.01 0.76 + 0.14 -1.39 + 0.13 1.00 0.97 0.79 GM
King 7 2M03593013+5153563 -48.5 + 0.2 -0.09 + 0.01 -0.29 + 0.14 -1.97 £ 0.11 0.00 0.07 0.01 NM
King 7 2M03594961+4-5136545 17.9 £ 0.1 -0.27 £+ 0.01 2.25 4+ 0.08 0.78 + 0.06 0.00 0.00 0.00 NM
King 7 2MO03595696+4-5131152 -25.7 £ 0.3 -0.02 £+ 0.01 -3.21 £+ 0.17 -0.59 + 0.13 0.00 0.00 0.00 NM
King 7 2M04000404+4-5144564 -27.6 + 0.1 -0.12 £+ 0.01 -1.26 £+ 0.07 -0.78 + 0.06 0.00 0.00 0.00 NM
King 7 2M040004244-5150574 -78.1 £ 0.3 -0.20 £+ 0.01 0.10 £ 0.30 -1.17 £ 0.21 0.00 0.00 0.20 NM
King 7 2M040007724-5156501 -77.6 + 0.1 -0.39 4+ 0.01 -0.30 £+ 0.27 -0.24 + 0.22 0.00 0.00 0.00 NM
King 7 2MO040008794-5141543 -17.4 + 0.1 -0.05 £+ 0.01 -1.73 £ 0.05 -0.64 £+ 0.04 0.08 0.94 0.00 NM
King 7 2M040013574-5151196 33.7 £ 2.7 -0.10 4+ 0.01 12.92 + 0.11 -13.08 £ 0.11 0.00 -1.00 0.00 NM
King 7 2M04001419+4-5204350 11.7 £ 0.1 -0.04 £+ 0.01 0.55 £+ 0.10 -2.46 + 0.07 0.00 0.00 0.01 NM
King 7 2M040020154-5144250 8.2 + 0.2 -0.12 4+ 0.01 -4.07 £+ 0.10 -5.14 4+ 0.10 0.00 0.00 0.00 NM
King 7 2MO040032654-5135376 -30.7 &+ 0.2 -0.36 £+ 0.01 0.25 £+ 0.20 0.05 + 0.14 0.00 0.00 0.00 NM
King 7 2M040034074-5145388 -9.1 £ 0.1 -0.14 4+ 0.01 1.81 + 0.12 -0.85 + 0.10 0.00 0.00 0.29 NM
King 7 2MO04003494+4-5204047 -80.9 + 0.2 -0.02 £+ 0.01 0.71 £+ 0.30 -1.04 + 0.21 0.00 0.00 0.73 NM
King 7 2M040041074-5134539 -19.8 + 0.1 -0.39 4+ 0.01 1.45 + 0.16 -0.21 + 0.11 0.00 0.00 0.05 NM
King 7 2MO040057354-5155440 -56.9 + 0.2 -0.31 £+ 0.01 -0.07 £+ 0.15 -1.48 + 0.12 0.00 0.00 0.10 NM
NGC 1798 2MO05104038+-4744160 -72.4 + 0.1 -0.34 £+ 0.01 0.52 £+ 0.07 -0.82 4+ 0.06 0.00 0.00 0.16 NM
NGC 1798 2M05104618+4746094 -2.4+ 1.2 -0.24 £ 0.01 0.81 £ 0.07 -0.37 £ 0.06 0.00 0.00 0.97 NM
NGC 1798 2MO05112446+4-4740027 3.4 £+ 0.0 -0.16 £+ 0.01 0.82 4+ 0.06 -0.25 + 0.04 0.96 0.71 0.95 GM
NGC 1798 2M051129454-4742298 8.4+ 2.1 -0.22 £+ 0.01 1.67 + 0.05 -2.22 + 0.04 0.09 0.50 0.00 NM
NGC 1798 2M051131134-4751040 23.7 £ 0.0 -0.36 £+ 0.01 2.40 £+ 0.05 0.52 4+ 0.04 0.00 0.00 0.00 NM
NGC 1798 2MO051134504-4741177 -23 £ 1.5 -0.19 £ 0.01 0.98 £ 0.05 -0.26 £+ 0.05 0.17 0.98 0.94 GM
NGC 1798 2M05113666+4-4741482 2.9 + 0.1 -0.17 £+ 0.01 0.93 4+ 0.04 -0.33 + 0.04 1.00 0.86 0.99 GM
NGC 1798 2MO051137684-4742329 3.2+ 0.1 -0.20 £+ 0.01 0.76 £+ 0.05 -0.29 £+ 0.04 0.98 0.84 0.92 GM
NGC 1798 2M05113859+4-4743446 4.4 £ 0.7 0.20 £+ 0.01 0.38 4+ 0.05 -5.10 4+ 0.04 0.81 0.00 0.00 NM
NGC 1798 2MO051140064-4739238 2.4 £ 0.0 -0.17 £+ 0.01 1.01 + 0.04 -0.36 + 0.04 1.00 0.84 0.93 GM
NGC 1798 2M051141344-4740406 0.8 £ 0.1 -0.17 4+ 0.01 0.84 4+ 0.05 -0.25 + 0.05 0.78 0.91 0.95 GM
NGC 1798 2MO051144224-4741517 3.3 +0.1 -0.16 £+ 0.01 0.85 £ 0.06 -0.33 £+ 0.05 0.97 0.69 0.99 GM
NGC 1798 2M051144764-4738148 -17.0 + 0.2 -0.19 4+ 0.01 1.51 + 0.07 -1.63 4+ 0.06 0.00 0.96 0.00 NM
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NGC 1798 2MO051144844-4751437 -1.2 £ 0.1 -0.39 £+ 0.01 0.20 £+ 0.07 0.54 + 0.06 0.00 0.00 0.00 NM
NGC 1798 2M051146264-4743422 1.9 £ 0.0 -0.17 4+ 0.01 0.79 4+ 0.05 -0.24 + 0.04 0.96 0.95 0.92 GM
NGC 1798 2MO051147954-4740258 1.9 + 0.0 -0.21 £+ 0.01 0.79 £+ 0.07 -0.50 + 0.07 0.96 0.77 0.83 GM
NGC 1798 2M051159454-4751127 7.3 £ 0.0 -0.29 4+ 0.01 0.40 4+ 0.04 -1.00 + 0.04 0.00 0.00 0.03 NM
NGC 1798 2MO051203694-4748162 -12.0 &+ 0.4 -0.10 £+ 0.01 1.59 + 0.06 -0.42 4+ 0.05 0.00 0.00 0.10 NM
NGC 1798 2M0512065744735418 12.7 £ 0.1 -0.36 + 0.01 0.87 4+ 0.06 -1.06 + 0.06 0.00 0.00 0.06 NM
NGC 1798 2M05121264+4750118 -27.8 £ 0.1 -0.19 £+ 0.01 -0.25 £+ 0.06 -0.93 £+ 0.05 0.00 0.00 0.00 NM
NGC 1798 2M05122202+4-4740569 -16.5 + 0.2 -0.46 + 0.01 -1.15 + 0.07 -0.36 + 0.06 0.00 0.00 0.00 NM
NGC 1798 2MO051239544-4738401 -34.7 + 0.1 -0.37 £+ 0.01 1.25 + 0.07 0.47 + 0.06 0.00 0.00 0.02 NM
Berkeley 17 2M051953854-3035095 -73.9 + 0.2 -0.03 £+ 0.01 2.59 4+ 0.07 -0.40 £+ 0.05 0.00 0.00 0.96 NM
Berkeley 17 2M05195417+43037252 16.3 £ 0.0 -0.13 £+ 0.01 -2.42 £+ 0.08 -0.59 £+ 0.05 0.00 0.00 0.00 NM
Berkeley 17 2M052021184-3035544 -73.6 + 0.1 -0.10 £+ 0.01 2.69 £+ 0.06 -0.28 4+ 0.04 0.99 0.96 0.92 GM
Berkeley 17 2M05202386+3037219 -68.7 &+ 1.6 -0.12 £+ 0.01 2.45 £+ 0.06 -0.35 + 0.04 0.00 0.98 0.96 NM
Berkeley 17 2M052027554-3021384 22.0 £ 0.0 -0.08 + 0.01 1.73 + 0.05 -3.56 + 0.04 0.00 0.00 0.00 NM
Berkeley 17 2MO052029054-3032414 -73.5 + 0.1 -0.13 £+ 0.01 2.73 £+ 0.09 -0.37 £+ 0.06 1.00 0.86 0.90 GM
Berkeley 17 2M052030284-3040200 -2.0 £ 0.0 -0.03 4+ 0.01 -1.82 4+ 0.05 -1.70 4+ 0.03 0.00 0.14 0.00 NM
Berkeley 17 2MO052031214-3035067 -73.2 £ 0.1 -0.12 £+ 0.01 2.50 £+ 0.06 -0.35 + 0.04 0.98 0.97 0.98 GM
Berkeley 17 2M052036504-3030351 -74.2 + 0.1 -0.06 + 0.01 2.70 4+ 0.06 -0.34 + 0.04 0.81 0.47 0.93 GM
Berkeley 17 2MO052037994-3034414 -73.1 £ 0.2 -0.08 £+ 0.01 2.66 + 0.05 -0.40 £+ 0.04 0.95 0.68 0.94 GM
Berkeley 17 2M05203962+4-3041419 3.4+ 0.1 -0.04 4+ 0.01 0.58 4+ 0.06 -2.15 + 0.04 0.00 0.23 0.00 NM
Berkeley 17 2MO052041434-3036042 -73.1 + 0.1 -0.14 £+ 0.01 2.56 + 0.07 -0.29 £+ 0.05 0.94 0.72 0.99 GM
Berkeley 17 2M052044094-3031576 -45.0 + 0.0 -0.03 4+ 0.01 3.41 4+ 0.06 -1.96 + 0.04 0.00 0.10 0.00 NM
Berkeley 17 2M052044884-3038020 -73.1 + 0.1 -0.13 £+ 0.01 2.82 £+ 0.06 -0.48 £+ 0.04 0.95 0.84 0.75 GM
Berkeley 17 2M052049754-3034404 -12.4 + 0.2 -0.05 4+ 0.01 1.55 + 0.06 -1.94 4+ 0.04 0.00 0.36 0.00 NM
Berkeley 17 2M052055454-3038339 11.3 £ 0.2 -0.20 £+ 0.01 0.41 £+ 0.08 -0.13 + 0.05 0.00 0.08 0.00 NM
Berkeley 71 2M05403528+-3215430 -4.4 £ 0.1 -0.07 £+ 0.01 2.06 + 0.12 -2.38 + 0.10 0.37 0.01 0.00 NM
Berkeley 71 2M05403567+3220477 31.1 £ 0.1 -0.25 £+ 0.01 0.20 £+ 0.11 1.60 £ 0.08 0.00 0.00 0.00 NM
Berkeley 71 2M05404076+4-3215219 12.2 £+ 0.1 -0.15 £+ 0.01 1.87 + 0.12 -2.60 + 0.10 0.00 0.48 0.00 NM
Berkeley 71 2M05404312+4-3217303 -10.0 + 0.2 -0.21 £+ 0.01 0.76 £+ 0.08 -1.71 £+ 0.06 0.91 0.94 0.97 GM
Berkeley 71 2M05404351+4-3219171 0.6 £ 0.2 -0.13 £+ 0.01 1.02 + 0.11 -0.35 + 0.09 0.01 0.23 0.00 NM
Berkeley 71 2M05404432+3213387 -4.1 £ 0.2 -0.31 £+ 0.01 0.68 £+ 0.11 0.56 + 0.08 0.31 0.02 0.00 NM
Berkeley 71 2M054045294-3219367 29.8 £ 0.3 -0.25 4+ 0.01 3.24 + 0.11 -5.49 4+ 0.08 0.00 0.34 0.00 NM
Berkeley 71 2MO054049534-3217001 28.7 £ 0.2 -0.22 £+ 0.01 0.75 + 0.15 -1.22 4+ 0.12 0.00 0.84 0.53 NM
Berkeley 71 2M054051574-3220398 -1.9 £ 0.0 -0.40 4+ 0.01 0.98 4+ 0.20 -0.31 + 0.15 0.00 0.00 0.00 NM
Berkeley 71 2MO05405311+4-3215557 -9.2 £ 0.1 -0.25 £+ 0.01 0.46 £+ 0.09 -1.49 + 0.07 0.98 0.42 0.86 GM
Berkeley 71 2M054053164-3215197 -9.4 £ 0.1 -0.23 4+ 0.01 0.70 £+ 0.07 -1.77 + 0.06 0.97 0.72 0.92 GM
Berkeley 71 2M05405442+43217298 -10.1 + 0.1 -0.17 £+ 0.01 0.84 £+ 0.11 -1.62 4+ 0.09 0.89 0.77 0.93 GM
Berkeley 71 2M054054844-3215567 -9.3 £ 0.1 -0.17 4+ 0.01 0.44 £+ 0.10 -1.65 + 0.08 0.97 0.87 0.86 GM
Berkeley 71 2MO054055034-3214099 -9.9 £ 0.1 -0.20 £+ 0.01 0.67 £+ 0.10 -1.68 4+ 0.08 0.92 0.99 0.99 GM
Berkeley 71 2M054059014-3211175 27.0 £ 0.0 -0.24 4+ 0.01 -0.24 4+ 0.12 -1.81 4+ 0.09 0.00 0.47 0.08 NM
Berkeley 71 2MO054059564-3215182 -3.3 £ 04 -0.16 £+ 0.01 0.47 £+ 0.08 -1.68 4+ 0.06 0.20 0.64 0.88 GM
Berkeley 71 2M054102174-3216397 50.2 £ 0.0 -0.15 4+ 0.01 0.03 4+ 0.07 -0.71 4+ 0.06 0.00 0.54 0.03 NM
Berkeley 71 2M05410271+43220441 34.1 + 0.1 -0.21 £+ 0.01 0.23 £+ 0.13 -2.35 + 0.10 0.00 0.00 0.06 NM
Berkeley 71 2M054108284-3216381 30.0 + 0.0 -0.12 4+ 0.01 -0.57 + 0.18 -1.90 + 0.15 0.00 0.19 0.01 NM
Berkeley 71 2M05410990+3219148 -20.4 + 0.0 -0.16 £+ 0.01 -0.01 £+ 0.10 -2.35 + 0.08 0.00 0.75 0.03 NM
Berkeley 71 2M05411239+3215304 5.8+ 0.0 -0.10 + 0.01 0.66 + 0.14 -1.46 + 0.10 0.00 0.06 0.91 NM
Berkeley 71 2MO054116904-3217021 32.7 + 0.2 0.08 £+ 0.01 3.00 £ 0.09 -10.14 £ 0.07 0.00 -1.00 0.00 NM
Berkeley 71 2M05412682+4-3216315 23.9 £ 0.0 0.02 £+ 0.01 -0.05 £+ 0.14 -3.74 £ 0.10 0.00 0.00 0.00 NM
Teutsch 51 2M05533556+42649202 8.2 + 0.1 -0.34 £+ 0.01 -0.10 £+ 0.13 -1.38 + 0.10 0.00 0.00 0.00 NM
Teutsch 51 2M055342634-2652119 5.6 + 0.1 -0.10 £+ 0.01 -4.47 £+ 0.05 -1.03 + 0.04 0.00 0.00 0.00 NM
Teutsch 51 2MO055343324-2649595 17.5 £ 0.1 -0.28 £+ 0.01 0.66 £+ 0.11 0.04 £+ 0.09 0.99 0.95 0.47 GM
Teutsch 51 2M055344954-2650052 14.7 £ 1.2 -0.14 4+ 0.01 0.31 4+ 0.38 -1.47 + 0.30 0.65 -1.00 0.00 NM
Teutsch 51 2MO055346594-2651366 14.4 £ 0.1 -0.25 £+ 0.01 0.55 £+ 0.10 -0.29 £+ 0.08 0.60 0.84 0.99 GM
Teutsch 51 2M055346894-2648234 17.1 £ 0.0 -0.25 4+ 0.01 0.61 4+ 0.15 -0.37 + 0.12 1.00 0.84 0.98 GM
Teutsch 51 2MO055351534-2649515 20.9 £ 0.5 -0.21 £+ 0.01 -0.81 £+ 0.17 -0.01 £+ 0.15 0.42 0.31 0.00 NM
Teutsch 51 2M055351704-2649417 5.7 £ 0.2 -0.34 4+ 0.01 0.52 4+ 0.11 -0.11 4+ 0.09 0.00 0.22 0.79 NM
Teutsch 51 2MO055353874-2654101 7.2 + 0.1 -0.18 £+ 0.01 0.82 £ 0.06 -1.91 £+ 0.05 0.00 0.00 0.00 NM
Teutsch 51 2M055356314-2648351 17.8 £ 0.2 -0.32 4+ 0.01 0.63 4+ 0.13 -0.27 + 0.11 0.98 0.50 0.94 GM
Teutsch 51 2MO055356814-2653029 38.3 + 0.2 -0.44 £+ 0.01 0.64 £+ 0.09 -1.12 + 0.07 0.00 0.00 0.06 NM
Teutsch 51 2M0553576742649296 18.2 +£ 0.1 -0.32 4+ 0.01 0.34 4+ 0.11 -0.31 + 0.09 0.94 0.41 0.77 GM
Teutsch 51 2MO055357844-2649525 31.4 + 0.1 -0.03 £ 0.01 3.00 £+ 0.10 -1.87 + 0.08 0.00 0.00 0.00 NM
King 5 2MO031315204-5246343 -49.0 + 0.1 -0.04 £+ 0.01 1.14 + 0.29 -0.03 + 0.24 0.00 0.00 0.00 NM
King 5 2M03132577+5236244 -80.8 +£ 0.2 -0.39 + 0.01 0.32 £ 0.10 -0.10 £ 0.10 0.00 0.00 0.00 NM
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King 5 2MO031402454-5234396 -39.0 =+ 0.1 -0.16 £+ 0.01 1.66 + 0.08 0.27 + 0.07 0.00 0.00 0.00 NM
King 5 2M031404414-5244263 -44.6 + 0.0 -0.13 4+ 0.01 0.02 4+ 0.06 1.32 + 0.06 1.00 0.92 0.00 NM
King 5 2M03140915+45237511 -42.6 + 0.1 -0.12 £+ 0.01 -0.49 £+ 0.05 -0.91 £+ 0.05 0.73 1.00 0.49 GM
King 5 2M031411694-5243476 -37.3 £ 0.1 0.15 4+ 0.01 -0.34 4+ 0.05 -0.76 + 0.04 0.01 0.00 0.36 NM
King 5 2M03141752+45245394 -70.9 + 0.1 -0.29 £+ 0.01 0.44 £+ 0.07 -0.38 + 0.07 0.00 0.00 0.00 NM
King 5 2M031421574-5250144 -98.4 + 0.2 -0.60 + 0.01 -0.27 4+ 0.10 0.67 4+ 0.09 0.00 0.00 0.00 NM
King 5 2MO031425484-5247355 -43.5 + 0.1 -0.07 £+ 0.01 -0.27 £+ 0.08 -1.44 4+ 0.09 0.90 0.16 0.61 GM
King 5 2M03142663+5245499 -32.1 +£ 1.8  -0.02 £ 0.01 -0.14 + 0.07 -0.42 + 0.06 0.00 0.00 0.03 NM
King 5 2MO031427844-5242408 -45.0 + 0.1 -0.12 £+ 0.01 0.04 £+ 0.05 -1.37 + 0.04 0.99 0.98 0.43 GM
King 5 2M03143688+5243034 20.0 £ 0.0  -0.18 + 0.01 3.70 £ 0.05 -2.81 + 0.04 0.00 0.13 0.00 NM
King 5 2MO03144335+4-5242143 -47.0 + 1.8 -0.10 £+ 0.01 0.16 £+ 0.05 -1.45 + 0.04 0.61 0.66 0.20 GM
King 5 2M03150947+5232148 -32.9 + 0.0 0.24 + 0.01 -0.92 + 0.04 0.53 £ 0.04 0.00 0.00 0.00 NM
King 5 2MO031512374-5235181 -109.3 £ 0.2 -0.56 £+ 0.01 -0.62 £+ 0.08 0.08 + 0.07 0.00 0.00 0.00 NM
King 5 2M03151256+5248354 -56.3 + 0.1 0.09 + 0.01 2.15 £ 0.10 -2.99 + 0.11 0.00 0.00 0.00 NM
King 5 2MO031532054-5248038 -22.8 + 0.1 -0.09 £+ 0.01 -0.07 £+ 0.09 -0.41 4+ 0.07 0.00 0.00 0.03 NM
King 5 2M03154012+4-5242565 -43.6 £ 0.2 -0.13 £ 0.01 -0.29 + 0.07 -1.33 £ 0.06 0.93 0.94 0.82 GM
King 5 2M031540674-5246068 -11.1 + 0.1 -0.19 £+ 0.01 0.50 £+ 0.14 -0.36 + 0.10 0.00 0.00 0.00 NM
King 5 2MO031545084-5241191 -27.6 £ 0.3 -0.13 £+ 0.01 3.88 £+ 0.10 -4.23 £+ 0.09 0.00 0.00 0.00 NM
NGC 2158 2MO060655134-2406594 30.9 + 0.1 -0.04 £+ 0.01 -1.23 £+ 0.05 -1.57 + 0.04 0.48 0.00 0.00 NM
NGC 2158 2M060655524-2405309 32.2 + 0.1 0.02 £+ 0.01 -0.05 + 0.06 -3.23 + 0.05 0.23 0.00 0.00 NM
NGC 2158 2MO060701554-2401470 27.9 £ 0.1 -0.16 £+ 0.01 -0.16 £+ 0.08 -2.20 + 0.07 1.00 0.90 0.79 GM
NGC 2158 2M06070387+4-2413277 -9.6 £ 4.0 -0.17 4+ 0.01 2.82 4+ 0.05 -3.09 + 0.04 0.00 -1.00 0.00 NM
NGC 2158 2M060704154-2409180 26.0 £ 0.1 -0.12 £+ 0.01 -0.22 £+ 0.06 -2.02 £+ 0.05 0.82 0.57 0.99 GM
NGC 2158 2M06070703+4-2418045 -6.3 £ 1.7 -0.11 4+ 0.01 2.25 4+ 0.05 -2.99 4+ 0.04 0.00 -1.00 0.00 NM
NGC 2158 2MO060714944-2407517 26.8 = 0.1 -0.15 £+ 0.01 -0.30 £+ 0.05 -1.99 4+ 0.04 0.96 1.00 0.92 GM
NGC 2158 2M06071579+4-2349116 38.2 + 0.1 -0.56 + 0.01 -0.54 4+ 0.10 -1.83 + 0.09 0.00 0.00 0.45 NM
NGC 2158 2MO06071696+4-2402007 25.6 £ 0.1 -0.13 £+ 0.01 -0.24 £+ 0.06 -1.85 + 0.05 0.74 0.83 0.84 GM
NGC 2158 2MO060717644-2410276 25.8 +£ 0.1  -0.22 + 0.01 -0.31 + 0.05 -2.09 + 0.04 0.79 0.08 0.84 GM
NGC 2158 2MO060717874-2405542 29.1 £ 0.0 -0.09 £+ 0.01 -0.27 £+ 0.05 -1.88 4+ 0.04 0.86 0.21 0.87 GM
NGC 2158 2M06071913+2400148 28.5 + 0.2  -0.16 + 0.01 -0.52 + 0.06 -1.94 + 0.05 0.95 0.95 0.52 GM
NGC 2158 2MO060720414-2407463 28.6 + 0.2 -0.18 £+ 0.01 -0.11 £+ 0.06 -2.00 £+ 0.05 0.94 0.64 0.97 GM
NGC 2158 2M06072443+2400524 28.5 + 0.1  -0.16 + 0.01 -0.26 + 0.07 -1.98 + 0.06 0.94 0.96 0.96 GM
NGC 2158 2MO060726244-2409568 25.1 £ 0.0 -0.17 £+ 0.01 -0.25 £+ 0.05 -1.88 + 0.05 0.63 0.84 0.88 GM
NGC 2158 2M06072907+2402151 27.9 £ 0.1 -0.12 + 0.01 -0.26 + 0.06 -1.99 + 0.05 0.99 0.56 0.96 GM
NGC 2158 2M06072918+-2408185 29.2 £+ 0.1 -0.15 £+ 0.01 -0.14 £+ 0.10 -1.91 4+ 0.08 0.85 1.00 0.90 GM
NGC 2158 2M06073636+2405001 29.1 £ 0.1 -0.13 £ 0.01 -0.07 + 0.06 -2.00 £ 0.05 0.85 0.82 0.93 GM
NGC 2158 2M06073901+4-2416594 37.6 + 8.7 -0.14 £+ 0.01 0.88 4+ 1.07 -5.18 + 0.92 0.00 -1.00 0.00 NM
NGC 2158 2MO060739174-2409098 29.5 £ 0.1 -0.11 £+ 0.01 -0.17 £+ 0.05 -2.07 £+ 0.05 0.78 0.42 0.98 GM
NGC 2158 2M06073998+-2403546 29.0 £ 0.0 -0.17 £+ 0.01 -0.16 £+ 0.06 -2.14 4+ 0.05 0.88 0.80 0.89 GM
NGC 2158 2MO060741624-2405540 26.6 = 0.1 -0.14 £+ 0.01 -0.46 £ 0.07 -2.13 £+ 0.06 0.92 0.97 0.52 GM
NGC 2158 2M060742724-2402514 25.0 £ 0.1 -0.19 4+ 0.01 -0.24 4+ 0.06 -1.91 4+ 0.05 0.62 0.42 0.93 GM
NGC 2158 2MO060752434-2403561 25.9 £ 0.1 -0.15 £+ 0.01 -0.19 £ 0.06 -2.07 £ 0.05 0.81 0.99 0.98 GM
NGC 2158 2M06083074+4-2402181 0.3 £ 0.1 0.10 4+ 0.01 -2.01 4+ 0.08 0.44 + 0.07 0.00 0.00 0.00 NM
NGC 2420 2MO0737273142134182 8.1 + 0.0 0.07 4+ 0.01 1.35 + 0.11 -0.05 + 0.07 0.00 0.00 0.00 NM
NGC 2420 2MO0737451742140545 -12.7 + 0.1 -0.10 £+ 0.01 3.18 £+ 0.08 -1.53 + 0.07 0.00 0.00 0.00 NM
NGC 2420 2MO0737551142121153 27.2 £ 0.1 -0.02 £+ 0.01 0.57 £+ 0.08 -2.86 + 0.06 0.00 0.00 0.00 NM
NGC 2420 2MO073759264-2134154 -9.3 £ 0.2 0.01 £+ 0.01 -1.12 £+ 0.07 -2.28 + 0.06 0.00 0.00 0.69 NM
NGC 2420 2M07380093+2138364 47.8 £ 2.6  -0.34 £ 0.01 -23.15 + 0.09 -31.39 £ 0.07 0.00 -1.00 0.00 NM
NGC 2420 2MO07380545+4-2136507 73.3 £ 0.5 -0.14 £+ 0.01 -1.06 £+ 0.07 -2.22 4+ 0.06 0.85 0.96 0.76 GM
NGC 2420 2M07380599+2133071 75.1 £ 0.2  -0.13 + 0.01 -1.14 + 0.06 -2.07 £ 0.05 0.86 1.00 0.93 GM
NGC 2420 2MO073806274-2136542 73.8 £ 0.1 -0.14 £+ 0.01 -1.11 4+ 0.08 -2.15 4+ 0.06 0.97 0.86 0.93 GM
NGC 2420 2M07381036+2137497 52.9 + 0.1 0.28 + 0.01 -3.49 + 0.07 -4.50 £ 0.05 0.00 0.00 0.00 NM
NGC 2420 2M07381507+4-2134589 74.3 £ 0.1 -0.14 £+ 0.01 -1.36 + 0.11 -2.23 + 0.09 1.00 0.94 0.58 GM
NGC 2420 2M07381549+2138015 74.6 £ 0.1  -0.14 + 0.01 -1.10 + 0.07 -2.12 + 0.06 0.97 0.96 0.91 GM
NGC 2420 2MO07381562+4-2142173 53.8 + 12.3 -0.56 £+ 0.01 0.29 £+ 0.06 -0.34 + 0.05 0.00 0.00 0.00 NM
NGC 2420 2MO073819724-2136522 74.6 £ 0.1 -0.12 £+ 0.01 -1.10 £ 0.06 -2.12 £+ 0.05 0.97 0.94 0.90 GM
NGC 2420 2M073821144-2131418 74.3 £ 0.0 -0.09 £+ 0.01 -1.13 4+ 0.08 -2.11 4+ 0.06 1.00 0.38 0.95 GM
NGC 2420 2MO073821484-2135050 74.3 £ 0.0 -0.10 £+ 0.01 -1.12 £+ 0.07 -2.09 £+ 0.05 1.00 0.53 0.91 GM
NGC 2420 2M073821954-2135508 73.5 £ 0.2 -0.09 £+ 0.01 -1.19 £+ 0.07 -2.20 4+ 0.06 0.91 0.24 0.92 GM
NGC 2420 2MO073823254-2142409 49.0 + 0.5 -0.48 £+ 0.01 -4.47 £+ 0.10 -21.39 £ 0.07 0.00 -1.00 0.00 NM
NGC 2420 2M073823274-2132569 73.5 £ 0.2 -0.16 4+ 0.01 -1.15 4+ 0.06 -2.19 4+ 0.05 0.90 0.61 0.93 GM
NGC 2420 2M07382347+42124448 74.1 £ 0.1 -0.16 + 0.01 -1.44 4+ 0.06 -2.21 4+ 0.05 0.00 0.00 0.42 NM
NGC 2420 2M07382501+4-2133283 74.4 £ 0.2 -0.12 4+ 0.01 -1.23 4+ 0.05 -2.01 4+ 0.04 0.99 0.87 0.81 GM
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NGC 2420 2MO073825394-2131123 13.0 £ 0.3 0.07 £+ 0.01 -12.16 £ 0.06 -9.38 + 0.04 0.00 -1.00 0.00 NM
NGC 2420 2M07382670+4-2128514 74.5 £ 0.1 -0.07 4+ 0.01 -1.19 4+ 0.07 -2.02 + 0.06 0.98 0.06 0.85 GM
NGC 2420 2MO073826964-2138244 73.9 £ 0.1 -0.11 £+ 0.01 -1.28 £+ 0.07 -2.08 + 0.06 0.97 0.81 0.90 GM
NGC 2420 2MO07382745+4-2141499 38.6 + 0.1 -0.26 + 0.01 0.28 4+ 0.07 -0.38 + 0.05 0.00 0.00 0.00 NM
NGC 2420 2MO073829394-2128469 -26.7 &+ 0.0 -0.30 £+ 0.01 -1.68 £+ 0.10 -0.28 4+ 0.08 0.00 0.00 0.00 NM
NGC 2420 2M07382984+4-2134509 75.1 £ 0.2 -0.13 4+ 0.01 -1.03 + 0.13 -1.92 4+ 0.08 0.83 1.00 0.38 GM
NGC 2420 2MO073830344-2131593 -7.9 £ 1.3 -0.00 £+ 0.01 -43.37 £ 0.15 -11.71 £ 0.12 0.00 -1.00 0.00 NM
NGC 2420 2MO07383116+4-2130254 -37.0 + 0.3 0.22 + 0.01 20.11 £ 0.08 -13.60 £ 0.07 0.00 -1.00 0.00 NM
NGC 2420 2MO073832004-2125301 59.0 £ 0.5 -0.22 £+ 0.01 -2.43 £+ 0.06 -0.02 £+ 0.05 0.00 0.00 0.00 NM
NGC 2420 2MO07383449+4-2124088 61.4 £ 0.2  -0.01 £ 0.01 0.17 £ 0.07 0.51 £ 0.05 0.00 0.00 0.00 NM
NGC 2420 2MO07383625+4-2128409 21.2 £ 0.2 0.06 £+ 0.01 -4.98 £+ 0.21 -29.29 £ 0.17 0.00 -1.00 0.00 NM
NGC 2420 2M07383760+2134119 73.9 £ 0.0 -0.15 + 0.01 -1.23 + 0.07 -2.00 + 0.06 0.98 0.79 0.81 GM
NGC 2420 2MO07384226+4-2131021 81.5 + 2.8 -0.48 £+ 0.01 -2.96 + 0.08 -0.09 £+ 0.07 0.00 0.00 0.00 NM
NGC 2420 2MO07384367+2139557 -30.4 £ 0.1 -0.03 £ 0.01 -0.57 + 0.08 -5.70 £ 0.07 0.00 0.00 0.00 NM
NGC 2420 2MO07384370+4-2142362 -0.4 £ 0.6 -1.49 £+ 0.01 2.75 + 0.07 -2.13 4+ 0.06 0.00 0.00 0.00 NM
NGC 2420 2M07384636+2129320 -30.4 + 0.3 0.15 + 0.01 -0.56 + 0.06 -6.79 £ 0.06 0.00 -1.00 0.00 NM
NGC 2420 2M07384958+-2141260 1.6 +£ 0.1 0.09 £+ 0.01 -12.50 £ 0.08 -14.32 £ 0.07 0.00 -1.00 0.00 NM
NGC 2420 2MO073851094-2132052 -9.6 £ 0.3 0.22 £+ 0.01 7.92 £ 0.12 -0.20 + 0.11 0.00 -1.00 0.00 NM
NGC 2420 2MO073851234-2145432 -24.5 + 0.0 -0.01 £+ 0.01 1.58 + 0.08 -2.41 4+ 0.06 0.00 0.00 0.00 NM
NGC 2420 2MO073857244-2139461 -18.3 £ 0.5 -0.37 £+ 0.01 -23.31 £ 0.08 -4.86 + 0.07 0.00 -1.00 0.00 NM
NGC 2420 2MO07385807+42134121 81.7 + 1.0 -0.23 4+ 0.01 -19.20 £ 0.91 -2.76 + 0.81 0.00 -1.00 0.00 NM
NGC 2420 2MO073859924-2132060 64.4 + 0.2 -0.10 £+ 0.01 -0.59 £+ 0.05 -2.34 + 0.05 0.00 0.00 0.02 NM
NGC 2420 2M073904724-2133277 69.3 + 0.1 -0.49 4+ 0.01 0.20 £+ 0.05 -0.97 + 0.04 0.00 0.00 0.00 NM
NGC 2420 2MO073907894-2133056 -22.7 + 0.0 -0.20 £+ 0.01 10.18 + 0.08 -4.27 + 0.07 0.00 0.00 0.00 NM
NGC 2420 2M073917214-2129358 8.3 £ 0.0 -0.01 4+ 0.01 0.20 £+ 0.08 -3.39 + 0.08 0.00 0.00 0.00 NM
NGC 2682 2M0846542441147146 28.9 £ 0.2 0.07 4+ 0.01 -13.48 £ 0.06 -12.12 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0846579741144036 -21.2 + 0.2 0.05 £+ 0.01 12.14 £+ 0.07 -28.65 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08465835+1142474 51.9 £ 0.2  -0.30 + 0.01 -2.85 + 0.07 -3.04 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0847004741200251 3.7+ 0.1 0.34 £+ 0.01 4.59 £+ 0.07 -11.07 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08470209+1139026 20.7 &£ 0.1 0.08 + 0.01 -3.43 + 0.13 -1.22 + 0.11 0.00 0.00 0.00 NM
NGC 2682 2MO084706164-1137340 -4.6 £ 0.1 0.22 £+ 0.01 -43.06 £ 0.09 -73.82 £ 0.08 0.00 -1.00 0.00 NM
NGC 2682 2M08470659+1134580 8.1+ 28.0 -0.25 £ 0.01 -27.18 £ 0.07 2.97 + 0.06 0.00 0.00 0.00 NM
NGC 2682 2MO0847103941144260 10.2 £+ 0.4 -0.20 £+ 0.01 -1.10 £+ 0.08 -22.17 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08471287+1156591 44.7 £ 0.4  -0.15 £ 0.01 -9.71 + 0.08 8.13 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M0847167741153594 -35.4 + 0.1 -0.44 £+ 0.01 8.54 4+ 0.06 -8.09 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08471940+1147513 8.7 £ 0.0 0.17 + 0.01 -23.42 + 0.06 -13.87 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08471960+41200558 70.1 £ 0.4 -0.34 £+ 0.01 -1.70 £+ 0.08 -0.45 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0847271941207438 67.8 + 0.2 -0.21 £+ 0.01 -8.53 £+ 0.07 -0.16 £+ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08472830+41122142 18.5 £+ 0.1 0.18 £+ 0.01 -4.84 4+ 0.08 -3.03 + 0.07 0.00 0.00 0.00 NM
NGC 2682 2MO084732044-1117387 -13.5 + 0.2 0.08 £+ 0.01 3.29 £ 0.06 -8.51 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08473407+41146061 14.4 £ 0.1 0.05 4+ 0.01 -17.89 £ 0.06 0.17 4+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO0847362541216354 -3.9 £ 0.1 -0.23 £+ 0.01 2.46 £+ 0.08 2.26 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08474075+4-1214417 -11.3 + 0.3 0.25 4+ 0.01 13.29 + 0.09 -33.25 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO0847418741214007 71.3 £ 0.1 -0.15 £+ 0.01 -3.67 £+ 0.05 -9.63 £+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08474335+41148349 66.7 + 0.4 -0.79 4+ 0.01 -0.01 4+ 0.08 -0.13 4+ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M0847442241147248 35.6 & 0.3 -0.46 £+ 0.01 -1.17 £+ 0.05 -2.77 £ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M0847483541216307 36.9 + 0.1 -0.20 4+ 0.01 -33.62 £ 0.05 -53.49 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO0847483541213249 76.4 £ 0.1 -0.07 £+ 0.01 -4.93 £+ 0.05 -4.09 £+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M0847496741209048 -13.2 + 0.2 -0.25 4+ 0.01 -10.09 £ 0.09 -6.60 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO084751314-1147500 23.4 £ 0.3 0.02 £+ 0.01 -9.19 £+ 0.09 -6.54 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M084752144-1226481 50.0 £ 0.2 0.26 4+ 0.01 -3.53 + 0.25 -4.23 + 0.15 0.00 0.00 0.00 NM
NGC 2682 2MO08475226+41138067 44.0 = 0.4 0.42 £+ 0.01 -14.75 £ 0.08 -3.54 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08475362+41155177 12.5 +£ 0.3 -0.75 + 0.01 11.60 + 0.08 -7.37 &£ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08475364+1213548 -46.9 + 0.0 -0.10 £+ 0.01 1.21 + 1.12 -29.99 £ 0.74 0.00 -1.00 0.00 NM
NGC 2682 2M08475570+1217389 8.2 + 0.3 0.24 + 0.01 -0.05 + 0.07 -4.42 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08475659+41143557 81.8 + 0.5 -0.42 £+ 0.01 -11.61 £ 0.26 -4.19 + 0.16 0.00 -1.00 0.00 NM
NGC 2682 2MO08475698+1154467 70.2 £ 0.5  -0.33 + 0.01 -2.60 + 0.08 -56.93 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO084759004-1209234 17.9 £ 0.1 -0.02 £+ 0.01 -4.72 £+ 0.07 -0.17 4+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08480048+1224225 121.2 £ 0.3 -0.72 + 0.01 1.67 £ 0.07 -4.37 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0848028541157534 -13.0 £+ 13.9 0.07 £+ 0.01 2.08 £+ 0.08 -19.28 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08480371+1137211 55.9 + 0.2 -0.26 + 0.01 -29.16 + 0.07 0.02 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08480413+4-1204155 60.3 + 0.1 -0.04 £+ 0.01 -25.13 £ 0.70 -13.16 £ 0.45 0.00 -1.00 0.00 NM
NGC 2682 2M08480433+1118214 13.3 £ 10.3  -0.04 + 0.01 0.18 £ 0.10 0.63 £ 0.08 0.00 -1.00 0.00 NM
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NGC 2682 2MO084804334-1210049 104.7 £ 0.1 -0.85 £+ 0.01 -2.68 £+ 0.07 -7.07 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08480651+41129404 16.0 + 0.2 0.21 4+ 0.01 -12.16 £ 0.06 2.88 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0848075141211126 59.6 + 0.1 0.15 £+ 0.01 1.85 + 0.07 -4.19 4+ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08480807+41209316 57.1 £ 0.4 -1.12 4+ 0.01 1.01 + 0.08 -3.38 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084809814-1202496 38.6 + 0.3 0.04 £+ 0.01 -9.90 £ 0.06 -6.02 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08481206+41209193 16.3 £ 0.1 -0.30 4+ 0.01 -3.09 4+ 0.07 -3.15 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084812094-1228556 78.0 £ 0.1 -0.12 £+ 0.01 -1.40 £+ 0.04 -2.32 4+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08481249+1219218 34.0 £ 0.1 0.12 + 0.01 -2.49 + 0.08 -20.65 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08481310+41121317 -10.8 + 0.3 0.06 £+ 0.01 17.24 £+ 0.08 -31.91 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08481407+1133318 -11.1 £ 6.3 -0.21 + 0.01 -1.70 + 0.04 -1.22 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO084814284-1235172 -4.7 £ 0.3 -0.02 £+ 0.01 15.58 £+ 0.07 -7.22 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08481532+1208430 -12.9 £ 0.0  -0.35 + 0.01 1.27 £ 0.07 -3.67 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO08481784+41222097 33.8 + 0.1 0.02 £+ 0.01 -10.86 £ 0.07 -2.98 + 0.04 0.00 -1.00 0.90 NM
NGC 2682 2M08481832+1153154 28.6 + 0.2 0.02 + 0.01 -1.42 + 0.07 -9.83 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08481950+4-1146414 32.0 + 0.1 0.18 £+ 0.01 -7.03 £+ 0.07 -13.62 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08482003+1114207 -22.8 + 0.0 0.05 + 0.01 -1.48 + 0.06 -34.42 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08482033+4-1100455 35.4 + 4.1 -0.44 £+ 0.01 -2.79 £+ 0.08 -17.45 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO084820994-1200564 -8.3 £ 0.2 0.26 £+ 0.01 9.20 £ 0.06 -17.00 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08482212+41119472 216.0 £ 0.3 -1.46 £+ 0.01 -1.78 4+ 0.08 -5.37 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08482220+41231423 14.5 £ 0.3 0.02 £+ 0.01 -2.92 £+ 0.13 -6.33 + 0.08 0.00 -1.00 0.00 NM
NGC 2682 2M08482232+41118172 23.8 £ 0.1 0.09 £+ 0.01 -2.87 £+ 0.07 -2.50 4+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M084824104-1124358 22.9 £ 0.3 -0.55 £+ 0.01 -5.71 £+ 0.09 -0.40 £+ 0.06 0.00 0.00 0.00 NM
NGC 2682 2M08482506+4-1142272 -3.0 £ 0.1 -0.04 4+ 0.01 5.66 + 0.08 2.16 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO084825684-1230130 95.4 + 0.8 -1.75 £+ 0.02 1.12 + 0.06 -3.91 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M084826294-1146050 -31.1 + 0.2 -0.28 4+ 0.01 -1.20 £+ 0.07 -7.67 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO0848263741112374 49.9 + 0.3 0.29 £+ 0.01 -4.65 £+ 0.05 -1.16 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08482768+4-1118034 6.9 + 0.1 -0.03 4+ 0.01 5.14 4+ 0.06 -0.33 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084827864-1136249 -11.1 + 0.1 -0.22 £+ 0.01 0.96 £+ 0.07 5.74 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08482936+41206353 34.5 + 0.1 0.06 4+ 0.01 -10.92 £ 0.05 -2.84 4+ 0.03 0.00 -1.00 0.88 NM
NGC 2682 2MO084829364-1202283 -34.2 + 0.2 -0.35 £+ 0.01 7.64 £ 0.05 -8.07 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M0848294741222197 51.5 £ 0.5 -0.41 4+ 0.01 -13.21 £ 0.06 -66.17 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084829834-1127196 45.6 + 0.2 -0.24 £+ 0.01 -6.41 £+ 0.05 3.41 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08483014+41123564 13.8 +£ 0.0 0.41 4+ 0.01 9.17 4+ 0.04 -17.36 £+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084831314-1238069 15.7 £ 0.3 0.28 4+ 0.01 -21.90 £ 0.08 -8.68 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08483339+41139065 -4.1 £04 0.25 4+ 0.01 6.30 4+ 0.07 -2.26 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M084834294-1225079 -2.3 £ 2.3 -0.05 £+ 0.01 -0.39 £+ 0.06 -5.02 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08483499+41236448 -22.4 + 10.4 -0.12 £+ 0.01 -13.10 £ 0.11 -22.36 £ 0.08 0.00 -1.00 0.00 NM
NGC 2682 2MO084835884-1107245 -17.4 + 0.1 -0.32 £+ 0.01 0.76 + 0.06 -0.59 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08483718+1126251 45.3 £ 0.0 -0.34 £ 0.01 -19.70 + 0.08 -7.12 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084837944-1239523 70.8 £ 0.1 0.00 £+ 0.01 -14.70 £ 0.07 -8.83 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08483845+1236048 20.6 + 0.0 0.11 + 0.01 -2.78 + 0.05 -20.62 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084838494-1147175 42.9 + 0.1 -0.12 £+ 0.01 -28.95 £ 0.05 22.69 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08484041+1116361 23.7 £ 0.3  -0.10 + 0.01 -7.57 £ 0.08 7.73 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08484473+41131207 24.1 £ 0.0 0.26 £+ 0.01 -0.75 + 0.07 -3.43 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08484622+1153404 104.5 £ 0.3 -0.50 &+ 0.01 -0.54 + 0.06 -2.17 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08484650+41103478 9.2 + 0.5 -0.02 £+ 0.01 -6.53 4+ 0.09 -14.38 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M0848472141101020 22.1 £ 0.1 -0.11 £+ 0.01 -1.46 £+ 0.05 -4.70 £+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO08484748+4-1147431 19.8 £+ 0.1 -0.32 £+ 0.01 -7.92 + 0.12 0.70 + 0.07 0.00 0.00 0.00 NM
NGC 2682 2M0848490141158336 81.0 + 0.1 0.25 £+ 0.01 -5.27 £+ 0.05 -7.44 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M084849744-1207475 19.2 £+ 0.1 -0.00 £+ 0.01 -51.92 + 0.07 -0.93 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084850434-1142106 17.6 £ 0.2 0.01 £+ 0.01 18.44 + 0.07 -24.96 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08485045+4-1212575 -18.4 + 0.1 -0.00 4+ 0.01 -16.85 £+ 0.06 -19.11 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084850514-1134020 31.0 £+ 13.3 0.03 £+ 0.01 -17.56 £ 0.08 0.43 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08485082+41055422 29.0 £ 0.2 0.19 4+ 0.01 -20.50 £ 0.04 -3.95 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084852994-1149360 2.0 £ 0.0 -0.14 £+ 0.01 -5.00 £+ 0.06 -3.90 £+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08485369+41129360 321.8 £ 0.7 -1.49 4+ 0.01 -5.17 4+ 0.07 -12.71 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO084853964-1144228 16.7 £ 0.2 -0.12 £+ 0.01 -2.59 £+ 0.04 -0.04 £+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08485429+41100232 -37.3 £ 0.3 0.10 4+ 0.01 -4.19 4+ 0.07 -16.28 £+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08485445+41131061 -70.4 + 0.1 0.06 £+ 0.01 0.09 £+ 0.06 -27.20 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08485590+41209429 33.4 £+ 51.1 -0.08 4+ 0.01 -10.99 £ 0.06 -2.89 + 0.04 0.00 -1.00 0.96 NM
NGC 2682 2M08485678+1124111 -8.2 £ 0.2 -0.10 £+ 0.01 38.59 £ 0.08 -49.51 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08485930+41117220 29.1 £ 0.1 -0.21 4+ 0.01 -16.32 £ 0.08 0.97 4+ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084859534-1237144 19.4 + 0.0 0.20 £+ 0.01 2.78 + 0.05 0.29 + 0.04 0.00 0.00 0.00 NM
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NGC 2682 2M08485981+1241435 40.4 4+ 0.2 0.18 4+ 0.01 -3.23 + 0.14 0.12 4+ 0.12 0.00 -1.00 0.00 NM
NGC 2682 2M08490048+4-1106352 28.4 £ 0.1 0.15 4+ 0.01 -10.60 £ 0.06 -8.05 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08490142+41124548 14.8 £ 0.1 -0.26 £+ 0.01 0.21 £+ 0.09 -2.32 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08490606+4-1108577 66.6 + 0.3 -0.61 4+ 0.01 0.24 4+ 0.08 -0.02 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084906744-1129529 33.5 + 0.0 0.03 £+ 0.01 -2.39 £+ 0.08 -3.07 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08490883+41122497 -8.5 £+ 0.1 -0.10 4+ 0.01 38.46 £ 0.08 -49.49 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08490965+41148267 18.6 £ 6.0 0.13 £+ 0.01 -10.89 £ 0.06 -2.82 4+ 0.04 0.00 -1.00 0.80 NM
NGC 2682 2M08491100+1058342 -3.9+£0.6 -0.23 + 0.01 5.66 £+ 0.08 -2.47 £ 0.07 0.00 -1.00 0.00 NM
NGC 2682 2MO08491149+4-1211177 18.8 £ 0.1 -0.22 £+ 0.01 -2.66 £+ 0.08 -1.94 4+ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08491294+41241252 0.6 £ 0.1 0.00 + 0.01 -15.73 £ 0.08 9.90 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO084914444-1106562 48.6 + 0.0 -0.05 £+ 0.01 -30.49 £ 0.05 -28.66 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08491562+1201501 73.7 £ 0.1 0.42 + 0.01 -4.34 + 0.05 -0.60 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084915934-1146055 33.5 + 0.2 -0.01 £+ 0.01 -10.01 £ 0.07 -3.41 + 0.05 0.97 -1.00 0.00 NM
NGC 2682 2M08491878+1226439 -0.2 £ 0.1  -0.15 + 0.01 1.59 £ 0.07 -11.22 + 0.06 0.00 0.00 0.00 NM
NGC 2682 2MO0849224741117282 130.6 £+ 0.1 0.12 £+ 0.01 0.21 4+ 0.08 -4.01 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08492286+1218563 33.5 £ 0.4 -0.01 £ 0.01 -11.11 + 0.08 -1.93 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08492355+41103338 56.6 + 0.2 -0.01 £+ 0.01 -42.58 £+ 0.04 -27.07 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084923854-1206143 30.3 £ 1.5 -0.21 £+ 0.01 -10.70 £ 0.81 -13.25 £ 0.59 0.00 -1.00 0.00 NM
NGC 2682 2M08492491+4-1144057 35.1 + 1.5 0.11 £+ 0.01 -11.06 £ 0.07 -2.87 + 0.05 0.66 0.60 0.87 GM
NGC 2682 2M0849254741235297 3.0 £ 0.1 0.18 £+ 0.01 3.29 £+ 0.05 -115.77 4+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08492553+4-1116449 22.1 £ 1.2 0.14 4+ 0.01 -22.67 £ 0.08 -7.71 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO08492689+4-1154417 21.1 £ 0.0 0.23 £+ 0.01 0.26 £+ 0.78 2.17 £ 0.66 0.00 0.00 0.00 NM
NGC 2682 2M08492956+4-1211043 33.8 + 0.2 -0.09 £+ 0.01 -11.19 + 0.06 -2.37 + 0.05 0.00 -1.00 0.03 NM
NGC 2682 2MO084929774-1237329 21.0 £ 0.3 0.12 £+ 0.01 -0.80 £+ 0.14 -6.24 + 0.10 0.00 -1.00 0.00 NM
NGC 2682 2M08493024+41135358 -34.5 + 0.1 -0.09 4+ 0.01 -7.58 + 0.16 -17.60 £ 0.10 0.00 -1.00 0.00 NM
NGC 2682 2MO08493081+4-1221077 -20.0 + 0.1 -0.18 £+ 0.01 -1.88 £+ 0.04 -3.40 £+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08493120+41112548 52.7 £ 0.0 0.08 4+ 0.01 -4.19 4+ 0.08 -4.45 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084932614-1144551 -27.9 + 0.1 -0.57 £+ 0.01 -19.91 £ 0.06 -44.01 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08493387+41210146 -11.2 + 0.5 -0.04 + 0.01 -38.78 £ 0.09 22.15 £+ 0.07 0.00 -1.00 0.00 NM
NGC 2682 2MO0849346541151256 34.0 + 0.1 -0.14 £+ 0.01 -10.98 £ 0.06 -2.92 £+ 0.04 1.00 0.00 0.99 NM
NGC 2682 2M08493512+41210395 91.1 &+ 0.1 -0.23 4+ 0.01 -9.96 + 0.07 1.98 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO084936844-1153221 -0.2 £ 0.1 0.18 £+ 0.01 3.33 £+ 0.06 0.40 &+ 0.04 0.00 0.01 0.00 NM
NGC 2682 2M08493790+41126043 0.5 £ 0.2 0.02 4+ 0.01 -19.80 £ 0.06 -17.88 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084938144-1049542 -9.2 £ 0.0 0.22 £+ 0.01 28.67 £ 0.06 -30.36 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08493910+41100161 54.9 £ 0.1 0.32 4+ 0.01 -29.20 £ 0.06 -11.20 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08493956+41205067 25.3 £ 0.2 0.23 £+ 0.01 -16.60 £ 0.05 -6.28 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08494091+1217243 184 £ 0.8  -0.17 £+ 0.01 1.24 £ 0.08 -4.66 + 0.07 0.00 0.00 0.00 NM
NGC 2682 2MO0849411141239292 -14.1 + 0.3 0.05 £+ 0.01 10.21 £ 0.22 -21.80 £ 0.13 0.00 -1.00 0.00 NM
NGC 2682 2M08494289+1143088 35.6 £ 0.1 0.01 + 0.01 -10.30 + 0.06 -3.09 + 0.04 0.42 -1.00 0.02 DM
NGC 2682 2MO0849435141241268 15.6 £ 0.2 0.17 £+ 0.01 -3.18 £+ 0.06 -22.28 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08494430+1135327 -13.0 + 0.2 0.00 + 0.01 -3.85 + 0.06 -26.99 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08494490+41141562 35.1 + 3.3 0.07 £+ 0.01 -10.91 £ 0.07 -2.79 + 0.04 0.65 -1.00 0.78 DM
NGC 2682 2M08494540+1056467 103.3 £ 0.5 0.02 + 0.01 -27.01 £ 0.08 3.99 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08494576+41108005 17.1 £ 0.2 -0.30 £+ 0.01 0.46 4+ 0.06 -2.55 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0849461141150351 58.4 £ 0.1 -0.34 £+ 0.01 -8.75 £+ 0.06 5.25 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08494707+41226116 33.5 + 7.6 -0.27 £+ 0.01 -8.83 £+ 0.09 -1.58 + 0.08 0.00 -1.00 0.00 NM
NGC 2682 2MO0849477941158506 35.0 &+ 0.0 0.06 £+ 0.01 -10.93 £ 0.04 -3.23 £+ 0.03 0.69 -1.00 0.51 DM
NGC 2682 2M08494848+1122299 35.0 + 0.1 0.08 £+ 0.01 -8.65 + 0.05 -5.48 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084952544-1133065 -12.1 + 0.1 0.12 £+ 0.01 24.09 £ 0.17 -45.78 £ 0.13 0.00 -1.00 0.00 NM
NGC 2682 2M084952684-1100195 -13.4 + 0.0 0.20 £+ 0.01 5.88 4+ 0.06 -8.02 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO084953044-1203599 20.8 £ 0.1 -0.26 £+ 0.01 -43.11 £ 0.16 49.63 £ 0.11 0.00 -1.00 0.00 NM
NGC 2682 2M08495333+4-1103040 -13.1 + 0.1 0.17 4+ 0.01 6.11 4+ 0.05 -8.14 4+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084953684-1211092 -4.1 £ 0.0 -0.09 £+ 0.01 0.39 £+ 0.08 15.32 £+ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08495563+41152518 16.7 £ 0.2 -0.05 4+ 0.01 -1.99 4+ 0.41 -3.31 + 0.17 0.00 -1.00 0.00 NM
NGC 2682 2MO08495642+41114087 24.6 £ 0.2 0.35 £+ 0.01 16.96 + 0.07 -55.37 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08495682+41218315 37.8 + 0.2 0.03 4+ 0.01 -126.91 + 0.09 -37.19 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO084957524-1046205 76.9 £ 0.1 0.05 £+ 0.01 -7.28 + 0.04 5.51 £ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08495783+4-1144307 0.8 +£ 0.3 -0.23 4+ 0.01 -5.09 + 0.05 -4.39 4+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO084959204-1128416 33.1 + 0.3 0.06 £+ 0.01 -10.74 £ 0.05 -2.32 + 0.03 0.86 -1.00 0.02 DM
NGC 2682 2M08500003+4-1156481 33.4 + 0.0 0.02 4+ 0.01 -10.63 £ 0.04 -2.96 + 0.03 0.94 -1.00 0.37 DM
NGC 2682 2MO08500005+4-1114327 20.6 £ 5.3 -0.32 4+ 0.01 -12.91 £ 0.07 4.79 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08500047+41105226 24.0 £ 0.1 0.16 4+ 0.01 -3.28 4+ 0.08 -3.08 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085000584-1143578 0.4 £ 0.1 -0.29 £+ 0.01 -5.18 £+ 0.10 -3.74 + 0.07 0.00 0.00 0.00 NM
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NGC 2682 2MO08500106+4-1111017 61.5 + 0.1 -0.11 £+ 0.01 -6.36 + 0.08 0.16 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M085001114-1237590 -11.9 + 0.4 -0.05 4+ 0.01 22.65 £ 0.05 -17.42 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085001354-1107080 61.9 + 0.1 0.36 £+ 0.01 -52.91 £ 0.06 22.54 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08500139+4-1142241 -7.7+£ 0.5 0.12 4+ 0.01 -2.11 4+ 0.06 -3.53 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085002434-1138034 7.0 £ 0.1 -0.02 £+ 0.01 -4.35 + 0.05 -8.86 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08500587+41157508 7.5 + 0.6 -0.12 4+ 0.01 -13.97 £ 0.06 -8.87 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08500821+1243252 57.9 £ 0.1 -0.32 £+ 0.01 -9.17 £+ 0.09 -4.17 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08500822+1139155 65.6 £ 0.3  -0.79 £ 0.01 0.01 £ 0.08 -0.17 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085010444-1239515 17.6 £ 0.2 0.29 £+ 0.01 -16.18 £ 0.07 -2.11 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08501057+1127257 31.0 £ 0.8  -0.07 £ 0.01 -4.37 + 0.07 -1.44 £ 0.05 0.09 -1.00 0.00 NM
NGC 2682 2MO085011544-1119405 33.8 + 0.1 0.03 £ 0.01 -11.01 £ 0.06 -3.08 + 0.04 0.00 -1.00 0.85 NM
NGC 2682 2MO0850117141132251 35.2 £ 0.2 -0.03 £ 0.01 3.26 £ 0.05 -3.05 £ 0.03 0.62 -1.00 0.00 NM
NGC 2682 2MO085012304-1151246 32.7 £ 0.0 0.02 £+ 0.01 -10.79 £ 0.08 -3.25 + 0.06 0.66 0.32 0.34 GM
NGC 2682 2M08501301+1150224 -21.0 +£ 0.5  -0.63 £ 0.01 12.35 + 0.21 -26.54 £ 0.15 0.00 -1.00 0.00 NM
NGC 2682 2MO08501512+4-1100464 144.5 + 0.1 -0.92 £+ 0.01 -4.16 £+ 0.09 -14.88 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08501545+1142249 52.4 + 0.3  -0.38 + 0.01 -3.33 + 0.05 -2.13 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08501629+41153480 33.8 + 0.2 0.02 £+ 0.01 -11.15 £ 0.07 -2.58 + 0.06 1.00 -1.00 0.21 DM
NGC 2682 2MO0850182741155212 45.1 + 0.0 -0.07 £+ 0.01 -12.25 £ 0.07 -4.27 £+ 0.06 0.00 0.00 0.00 NM
NGC 2682 2M08501854+41231163 70.2 £ 0.4 -0.11 £+ 0.01 -41.42 £ 0.08 -32.38 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO085019184-1056436 25.6 £ 0.1 -0.41 £+ 0.01 -171.96 + 0.11 -64.66 £ 0.07 0.00 -1.00 0.00 NM
NGC 2682 2M08501963+4-1247028 -15.0 + 0.0 -0.27 4+ 0.01 -1.18 4+ 0.07 2.25 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0850214541122265 11.5 £ 0.1 -0.38 £+ 0.01 0.34 £+ 0.07 -0.83 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08502250+4-1134206 69.4 + 0.2 0.11 4+ 0.01 -9.55 + 0.20 -18.70 £ 0.14 0.00 -1.00 0.00 NM
NGC 2682 2MO085023304-1111101 25.8 £ 0.1 0.21 £+ 0.01 -5.72 £+ 0.06 2.28 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M0850241741139580 7.0+ 0.1 -0.18 4+ 0.01 1.15 + 0.05 -15.42 £+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO085026984-1148313 18.7 + 27.8 0.04 £+ 0.01 -11.08 £ 0.04 -3.14 4+ 0.04 0.00 -1.00 0.66 NM
NGC 2682 2M085027134-1110571 12.2 + 55.7 0.21 4+ 0.01 3.43 £+ 0.07 -11.93 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085028054-1154505 35.0 & 0.2 -0.07 £+ 0.01 -10.55 £ 0.04 -2.41 4+ 0.03 0.72 -1.00 0.02 DM
NGC 2682 2M08502833+4-1142097 33.8 + 04 -0.03 4+ 0.01 -10.85 £ 0.07 -2.83 + 0.05 1.00 -1.00 0.77 DM
NGC 2682 2MO085029884-1208070 33.3 £ 0.1 -0.04 £+ 0.01 -11.05 £ 0.07 -2.98 + 0.05 0.92 -1.00 0.94 DM
NGC 2682 2M08503142+4-1206565 105.8 4+ 0.2 -0.48 4+ 0.01 -1.91 4+ 0.05 1.11 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0850318141054192 6.2 + 0.3 -1.49 £+ 0.01 5.43 £+ 0.08 -9.43 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08503296+41208239 12.8 + 3.0 0.20 4+ 0.01 -22.52 £ 0.14 -130.59 + 0.09 0.00 -1.00 0.00 NM
NGC 2682 2MO085033904-1205498 -7.7 £ 0.0 0.08 £+ 0.01 -40.04 £ 0.05 -4.85 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08503392+4-1146272 33.8 £ 0.1 0.00 4+ 0.01 -10.97 £ 0.08 -3.05 + 0.06 1.00 -1.00 0.91 DM
NGC 2682 2MO08503402+4-1129241 -14.9 + 0.3 0.21 £+ 0.01 -5.58 + 0.06 -5.12 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08503438+1139566 33.8 £ 0.2 0.05 + 0.01 -10.79 + 0.07 -2.94 + 0.05 1.00 -1.00 0.75 DM
NGC 2682 2MO085036134-1202254 12.7 £ 0.0 0.02 £+ 0.01 -6.52 + 0.05 5.18 £+ 0.04 0.00 0.27 0.00 NM
NGC 2682 2M08503613+1143180 34.3 £ 0.1 0.02 + 0.01 -11.06 + 0.07 -2.74 £ 0.06 0.95 0.31 0.62 GM
NGC 2682 2MO0850366741148553 35.4 + 0.2 -0.09 £+ 0.01 -11.43 £ 0.06 -3.11 4+ 0.04 0.54 -1.00 0.12 DM
NGC 2682 2M08503677+1239197 -24.4 + 0.2  -0.03 £ 0.01 12.02 + 0.06 -14.39 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO08503700+41154047 35.2 + 2.0 0.06 £+ 0.01 -11.01 £ 0.05 -2.98 + 0.04 0.60 -1.00 0.97 DM
NGC 2682 2M08503788+1252295 32.4 £ 0.3 0.11 + 0.01 -11.83 + 0.07 -3.44 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08503940+41202338 -38.5 + 0.0 -0.28 £+ 0.01 139.22 £ 0.06 -36.25 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08504048+1142115 33.4 £ 0.2 -0.03 £0.01 -10.99 + 0.05 -3.16 + 0.04 0.93 -1.00 0.67 DM
NGC 2682 2M08504075+4-1125097 48.1 + 0.1 -0.43 £+ 0.01 -3.73 + 0.04 -1.47 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO085040794-1147462 34.6 + 0.1 -0.07 £+ 0.01 -10.89 £ 0.07 -3.08 £+ 0.05 0.87 -1.00 0.82 DM
NGC 2682 2M08504198+4-1136525 34.5 + 0.1 -0.01 £+ 0.01 -11.12 £ 0.07 -3.10 4+ 0.05 0.91 -1.00 0.66 DM
NGC 2682 2MO085042224-1232433 31.9 £ 0.1 0.29 £+ 0.01 -21.83 £ 0.04 -13.97 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08504250+4-1139493 33.1 + 0.1 0.03 £+ 0.01 -10.93 £ 0.05 -2.96 + 0.04 0.83 -1.00 0.99 DM
NGC 2682 2MO085042554-1056355 65.4 + 0.3 -0.43 £+ 0.01 -1.22 £+ 0.08 -0.62 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08504284+41211372 13.7 £+ 8.6 0.15 4+ 0.01 -0.59 £+ 0.07 -7.12 4+ 0.04 0.00 0.12 0.00 NM
NGC 2682 2MO085043834-1118455 35.0 + 15.2 -0.06 £+ 0.01 -10.95 £ 0.11 -2.95 + 0.08 0.69 -1.00 1.00 DM
NGC 2682 2M08504389+41144311 -28.0 + 0.2 -0.26 4+ 0.01 -11.12 £ 0.05 -5.91 4+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO0850451141136023 31.1 + 13.3 0.09 £+ 0.01 -10.81 £ 0.08 -2.70 + 0.07 0.13 -1.00 0.46 DM
NGC 2682 2M08504558+4-1210398 34.4 + 0.1 0.11 4+ 0.01 -10.95 £+ 0.06 -3.05 + 0.03 0.93 -1.00 0.92 DM
NGC 2682 2MO0850459041152022 15.4 £ 0.1 -0.08 £+ 0.01 1.86 + 0.11 -21.15 £ 0.09 0.00 -1.00 0.00 NM
NGC 2682 2M08504609+41143082 30.7 + 10.7 0.01 4+ 0.01 -10.97 £ 0.06 -2.84 + 0.04 0.06 -1.00 0.89 DM
NGC 2682 2MO085046344-1154310 33.2 + 0.1 -0.00 £ 0.01 -10.86 £ 0.04 -2.91 + 0.03 0.90 -1.00 0.89 DM
NGC 2682 2M08504639+41152167 34.3 £ 0.9 -0.26 4+ 0.01 -11.07 £ 0.06 -2.63 + 0.05 0.95 -1.00 0.36 DM
NGC 2682 2M08504704+41210128 33.1 + 0.0 0.05 £+ 0.01 -11.04 £ 0.07 -3.00 £+ 0.04 0.85 -1.00 0.94 DM
NGC 2682 2M0850471241142547 34.1 + 0.2 0.03 4+ 0.01 -11.17 £ 0.05 -3.10 + 0.03 0.99 -1.00 0.56 DM
NGC 2682 2MO0850478741213058 -0.4 £ 0.2 -0.10 £+ 0.01 -5.63 £+ 0.06 -21.37 £ 0.04 0.00 -1.00 0.00 NM
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NGC 2682 2MO085048114-1154476 33.3 £ 0.2 0.09 £+ 0.01 -10.82 £ 0.05 -3.01 £+ 0.04 0.92 -1.00 0.80 DM
NGC 2682 2M08504964+41135089 34.9 + 0.1 0.09 4+ 0.01 -10.96 £ 0.08 -2.96 + 0.06 0.73 0.93 1.00 GM
NGC 2682 2MO085049944-1149127 33.8 + 0.1 0.01 £+ 0.01 -10.83 £ 0.07 -3.27 + 0.05 1.00 0.17 0.33 GM
NGC 2682 2M08505104+4-1133112 76.5 £ 0.1 0.28 4+ 0.01 -11.76 £ 0.05 -6.38 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0850517141148102 47.0 £ 0.3 -0.14 £+ 0.01 -17.26 £ 0.63 12.58 4+ 0.47 0.00 -1.00 0.00 NM
NGC 2682 2M08505177+41200247 33.7 £ 0.2 0.02 4+ 0.01 -11.22 £ 0.05 -2.85 + 0.05 0.99 -1.00 0.53 DM
NGC 2682 2MO085051824-1156559 29.8 £ 5.6 -0.03 £+ 0.01 -11.44 £ 0.07 -2.96 + 0.05 0.01 -1.00 0.13 DM
NGC 2682 2M08505236+1113263 24.9 £ 4.6  -0.32 + 0.01 -0.50 + 0.06 -2.76 £ 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0850527341115332 -28.0 = 0.4 -0.25 £+ 0.01 -3.23 £+ 0.06 -0.41 4+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08505306+1131201 46.2 £ 3.0 0.02 + 0.01 -11.00 + 0.05 -3.16 + 0.04 0.00 -1.00 0.68 NM
NGC 2682 2MO08505316+4-1147341 29.3 £ 0.4 0.01 £+ 0.01 -11.29 £ 0.05 -3.77 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08505319+1237116 61.0 +£ 0.1  -0.49 £ 0.01 -2.74 + 0.09 0.77 £ 0.06 0.00 0.00 0.00 NM
NGC 2682 2MO08505334+4-1143399 32.7 £ 0.3 -0.05 £+ 0.01 -10.89 £ 0.05 -3.92 4+ 0.04 0.69 -1.00 0.00 NM
NGC 2682 2M08505344+1144346 33.7 £ 0.1 0.02 + 0.01 -10.97 £ 0.05 -2.93 £ 0.03 0.99 -1.00 1.00 DM
NGC 2682 2MO08505389+41156464 -24.6 + 0.1 -0.01 £+ 0.01 -59.26 £ 0.05 -36.15 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08505439+1156290 33.7£ 0.1  -0.02 £ 0.01 -10.74 £ 0.07 -3.19 £ 0.05 0.99 -1.00 0.39 DM
NGC 2682 2M08505498+-1156503 -15.0 £+ 20.6 -0.41 £+ 0.01 -10.82 £ 0.07 -2.81 + 0.05 0.00 0.00 0.69 NM
NGC 2682 2MO085055264-1117352 36.1 + 0.0 -0.08 £+ 0.01 -9.47 £ 0.06 -2.56 + 0.05 0.24 0.00 0.00 NM
NGC 2682 2M08505552+4-1150014 89.9 + 0.6 -0.82 £+ 0.01 -0.65 £+ 0.10 0.06 + 0.07 0.00 0.00 0.00 NM
NGC 2682 2MO0850556741135354 34.1 + 0.1 -0.02 £+ 0.01 -10.83 £ 0.05 -2.63 + 0.04 0.99 -1.00 0.34 DM
NGC 2682 2M08505569+4-1152146 34.1 + 0.1 -0.02 £+ 0.01 -11.01 £ 0.18 -2.84 + 0.13 0.99 -1.00 0.87 DM
NGC 2682 2MO08505581+4-1128447 37.8 £ 0.3 0.24 £+ 0.01 -6.16 £+ 0.08 -20.99 £ 0.06 0.01 -1.00 0.00 NM
NGC 2682 2M08505604+4-1209288 34.5 + 0.5 -0.10 £+ 0.01 -10.86 £ 0.04 -2.91 4+ 0.03 0.89 -1.00 0.88 DM
NGC 2682 2MO085056324-1151292 33.5 + 0.2 -0.02 £+ 0.01 -10.99 £ 0.05 -3.33 + 0.04 0.96 -1.00 0.28 DM
NGC 2682 2M08505653+4-1138081 33.6 + 0.3 0.03 4+ 0.01 -10.85 £ 0.05 -2.90 + 0.03 0.98 -1.00 0.87 DM
NGC 2682 2MO085057024-1159158 34.0 + 0.2 -0.03 £+ 0.01 -11.06 £ 0.05 -3.72 + 0.03 1.00 -1.00 0.01 NM
NGC 2682 2M08505726+4-1209078 7.9 £ 0.0 0.09 4+ 0.01 -28.18 £ 0.05 -24.57 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO085057324-1237201 26.3 £ 0.1 0.05 £+ 0.01 -52.20 £ 0.07 -8.53 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08505762+41155147 33.1 + 0.2 -0.02 4+ 0.01 -10.71 £ 0.04 -2.85 + 0.03 0.84 -1.00 0.51 DM
NGC 2682 2MO085057694-1200406 33.5 + 0.4 0.13 £+ 0.01 -10.96 £ 0.08 -3.06 + 0.06 0.97 -1.00 0.90 DM
NGC 2682 2M08505798+41218321 33.2 + 0.0 -0.03 4+ 0.01 -10.99 £ 0.07 -3.24 + 0.04 0.90 -1.00 0.49 DM
NGC 2682 2MO085058164-1152223 34.0 + 0.1 0.08 £+ 0.01 -11.13 £ 0.08 -2.86 + 0.05 0.99 1.00 0.74 GM
NGC 2682 2M08505816+41117302 47.4 + 0.2 -0.48 4+ 0.01 1.85 + 0.07 -13.12 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO08505862+4-1229517 14.2 £ 0.2 -0.44 £+ 0.01 12.52 4+ 0.13 -83.34 £ 0.09 0.00 -1.00 0.00 NM
NGC 2682 2M08505923+41146129 32.0 £ 1.8 -0.04 4+ 0.01 -10.90 £ 0.05 -2.84 + 0.03 0.37 -1.00 0.85 DM
NGC 2682 2MO08505923+4-1156368 36.1 + 1.4 -0.08 £+ 0.01 -10.78 £ 0.07 -2.75 + 0.04 0.24 -1.00 0.50 DM
NGC 2682 2M08505973+1139524 33.2+ 0.2 -0.03 £ 0.01 -10.62 + 0.07 -2.74 £ 0.05 0.88 -1.00 0.23 DM
NGC 2682 2MO085059764-1139222 -18.8 + 0.1 0.05 £+ 0.01 -9.80 £+ 0.07 -9.12 4+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08505983+1130493 -167.1 £ 0.1  -2.14 £ 0.01  -229.06 £+ 0.15 11.51 £+ 0.13 0.00 -1.00 0.00 NM
NGC 2682 2MO08510018+-1154321 34.0 + 0.1 0.10 £+ 0.01 -5.31 4+ 0.55 -5.53 + 0.46 0.99 -1.00 0.00 NM
NGC 2682 2M08510076+1153115 34.1 £ 0.3 0.01 + 0.01 -10.76 + 0.06 -2.93 £ 0.05 0.99 -1.00 0.67 DM
NGC 2682 2MO08510082+4-1139375 29.6 £+ 0.0 0.29 £+ 0.01 -5.87 + 0.07 3.68 + 0.05 0.01 -1.00 0.00 NM
NGC 2682 2M08510103+1118354 69.8 £ 0.1  -0.13 £ 0.01 -0.35 + 0.06 -3.47 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08510106+4-1150108 32.9 + 0.1 -0.02 £+ 0.01 -10.79 £ 0.09 -2.93 + 0.06 0.77 -1.00 0.75 DM
NGC 2682 2M08510131+1141587 32.1 4+ 10.6 -0.16 4+ 0.01 -11.04 £ 0.04 -2.81 + 0.03 0.40 -1.00 0.80 DM
NGC 2682 2M08510155+4-1149342 35.0 + 1.0 0.00 £+ 0.01 -10.60 £ 0.08 -4.11 + 0.07 0.69 -1.00 0.00 NM
NGC 2682 2MO085101564-1147501 32.9 + 0.2 -0.01 £+ 0.01 -10.89 £ 0.05 -3.60 + 0.04 0.78 -1.00 0.02 DM
NGC 2682 2M08510186+41139591 25.4 £ 0.3 -0.33 £+ 0.01 -3.05 + 0.07 23.84 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08510212+41149012 24.4 4+ 51.1 -0.14 £+ 0.01 -11.05 £ 0.11 -2.49 4+ 0.09 0.00 -1.00 0.14 NM
NGC 2682 2M08510246+41155221 34.3 + 0.3 0.15 4+ 0.01 -10.83 £ 0.08 -3.04 + 0.06 0.95 -1.00 0.80 DM
NGC 2682 2MO085102634-1134469 58.3 £ 0.1 -0.16 £+ 0.01 -2.68 £ 0.06 -1.91 4+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08510279+4-1151254 99.6 + 0.3 -0.22 4+ 0.01 -8.18 4+ 0.06 -1.36 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085102914-1200214 38.6 + 0.1 0.19 £+ 0.01 -12.01 £ 0.05 7.34 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08510294+4-1133254 33.4 + 0.3 0.11 4+ 0.01 -11.00 £ 0.10 -3.19 4+ 0.08 0.95 -1.00 0.59 DM
NGC 2682 2MO085103004-1207560 14.0 £ 0.1 0.05 £+ 0.01 -7.84 £+ 0.04 9.85 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08510325+4-1145473 35.1 + 0.2 0.04 4+ 0.01 -11.07 £ 0.08 -2.91 4+ 0.06 0.65 -1.00 0.90 DM
NGC 2682 2MO085103654-1140309 28.7 £ 3.3 -0.05 £+ 0.01 -11.39 £ 0.06 -3.03 + 0.04 0.00 -1.00 0.19 NM
NGC 2682 2M08510439+4-1208246 33.7 &+ 0.0 0.16 4+ 0.01 -10.96 £ 0.04 -2.89 + 0.03 0.99 -1.00 0.96 DM
NGC 2682 2MO085104704-1204193 32.9 + 0.2 0.07 £+ 0.01 -10.94 £ 0.04 -2.97 + 0.03 0.76 -1.00 0.99 DM
NGC 2682 2M08510473+41149359 101.2 + 0.4 -0.39 4+ 0.01 0.28 4+ 0.08 0.48 4+ 0.07 0.00 0.00 0.00 NM
NGC 2682 2MO085105764-1143469 38.3 + 6.6 0.07 £+ 0.01 -10.96 £ 0.05 -2.59 + 0.04 0.00 -1.00 0.31 NM
NGC 2682 2M08510783+41159354 35.8 + 0.4 0.06 4+ 0.01 -10.95 £ 0.08 -2.84 + 0.06 0.36 -1.00 0.89 DM
NGC 2682 2M08510811+41201065 33.8 + 0.2 -0.13 + 0.01 -11.70 £ 0.04 -3.02 + 0.03 1.00 -1.00 0.01 NM
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NGC 2682 2MO085108244-1126272 -2.3 £ 0.0 -0.08 £+ 0.01 -11.16 £ 0.05 -7.11 £+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08510839+41147121 33.5 + 0.2 0.08 4+ 0.01 -10.91 £ 0.08 -2.93 + 0.06 0.97 0.98 0.96 GM
NGC 2682 2MO0851086441146117 34.4 + 7.8 -0.08 £+ 0.01 -10.79 £ 0.05 -3.15 + 0.04 0.91 -1.00 0.53 DM
NGC 2682 2M08510890+4-1148377 73.1 £ 8.9 -0.06 + 0.01 -10.58 £ 0.05 6.58 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085109254-1148206 32.6 + 0.0 -0.04 £+ 0.01 -9.93 £+ 0.05 -3.24 4+ 0.04 0.63 -1.00 0.00 NM
NGC 2682 2M0851095141141449 32.4 + 0.1 0.07 4+ 0.01 -10.33 £ 0.07 -3.11 4+ 0.06 0.53 -1.00 0.02 DM
NGC 2682 2MO085109694-1159096 34.0 £ 7.3 -0.08 £+ 0.01 -10.79 £ 0.04 -2.93 + 0.03 1.00 -1.00 0.75 DM
NGC 2682 2M08510970+1159136 36.8 + 1.4 0.00 + 0.01 -9.60 + 0.06 -2.93 + 0.04 0.09 -1.00 0.00 NM
NGC 2682 2MO085111304-1157212 34.7 £ 0.3 0.08 £+ 0.01 -10.87 £ 0.08 -3.11 4+ 0.06 0.82 -1.00 0.73 DM
NGC 2682 2M08511176+1150018 33.5 £ 0.3 0.03 + 0.01 -11.02 + 0.08 -3.20 £ 0.05 0.97 -1.00 0.57 DM
NGC 2682 2MO085112294-1154230 35.1 + 0.3 0.05 £+ 0.01 -10.81 £ 0.05 -2.87 + 0.03 0.64 -1.00 0.75 DM
NGC 2682 2MO085112294-1146212 31.5 £ 0.3 -0.02 £ 0.01 -10.93 £ 0.05 -3.04 £+ 0.04 0.21 -1.00 0.92 DM
NGC 2682 2MO085112694-1152423 34.3 + 0.1 0.08 £+ 0.01 -10.95 £ 0.06 -2.98 + 0.04 0.94 0.98 0.99 GM
NGC 2682 2M08511292+41234492 37.8 £ 0.4 0.15 + 0.01 -8.11 + 0.08 1.70 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08511335+41151401 40.0 £+ 10.3 -0.13 £+ 0.01 -11.02 £ 0.04 -2.85 + 0.03 0.00 0.00 0.89 NM
NGC 2682 2M08511339+1139375 35.2 £ 0.3  -0.00 £ 0.01 -10.57 + 0.42 -4.02 £ 0.32 0.61 -1.00 0.00 NM
NGC 2682 2M08511389+4-1235484 -1.8 £ 0.5 -0.09 £+ 0.01 17.19 £+ 0.22 -1.69 + 0.14 0.00 -1.00 0.00 NM
NGC 2682 2MO085114054-1133306 34.8 + 0.2 -0.03 £ 0.01 -11.02 £ 0.04 -2.87 + 0.03 0.80 -1.00 0.92 DM
NGC 2682 2M08511428+-1208493 -31.9 + 0.4 -0.51 £+ 0.01 6.98 + 0.17 -14.03 £ 0.12 0.00 -1.00 0.00 NM
NGC 2682 2M08511446+41144409 33.7 £ 0.3 0.11 4+ 0.01 -11.27 £ 0.10 -2.73 + 0.07 1.00 -1.00 0.29 DM
NGC 2682 2M08511476+4-1147238 34.9 + 0.2 -0.00 £+ 0.01 -10.87 £ 0.08 -2.98 4+ 0.06 0.75 -1.00 0.91 DM
NGC 2682 2MO085114764-1130088 51.7 £ 0.0 -0.27 £+ 0.01 35.43 £ 0.07 -164.15 £+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO085115154-1126426 33.4 + 0.1 0.03 £+ 0.01 -10.94 £ 0.06 -2.83 + 0.05 0.94 -1.00 0.88 DM
NGC 2682 2MO085115644-1150561 34.0 £ 0.0 0.05 £+ 0.01 -10.73 £ 0.07 -2.78 + 0.05 0.99 -1.00 0.47 DM
NGC 2682 2MO08511576+4-1152587 35.8 + 0.1 0.01 4+ 0.01 -11.96 + 0.07 -2.03 + 0.05 0.34 -1.00 0.00 NM
NGC 2682 2MO085115884-1127245 1.3 £ 0.3 -0.03 £+ 0.01 4.47 £+ 0.06 -11.68 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08511628+4-1144328 29.2 4+ 10.8 -0.07 4+ 0.01 -11.01 £ 0.06 -2.95 + 0.04 0.00 -1.00 0.98 NM
NGC 2682 2MO085116704-1145293 35.5 + 0.2 -0.06 £+ 0.01 -11.26 £ 0.13 -2.41 + 0.09 0.48 -1.00 0.03 DM
NGC 2682 2M08511679+41150389 32.6 + 0.1 -0.03 4+ 0.01 -10.71 £ 0.05 -3.11 4+ 0.04 0.64 -1.00 0.44 DM
NGC 2682 2MO085116984-1150093 30.3 + 0.6 0.07 £+ 0.01 -9.97 £+ 0.06 -4.75 + 0.04 0.03 -1.00 0.00 NM
NGC 2682 2M08511704+4-1150464 33.6 + 0.1 0.05 4+ 0.01 -11.16 £ 0.07 -3.32 + 0.05 0.98 0.79 0.23 GM
NGC 2682 2MO085117104-1148160 33.6 =+ 0.0 0.10 £+ 0.01 -11.43 £ 0.08 -3.29 &+ 0.05 0.99 0.75 0.05 GM
NGC 2682 2M08511759+4-1139359 13.4 + 14.2 -0.01 4+ 0.01 -8.31 + 0.05 -0.87 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085117904-1239518 20.9 £ 0.1 0.13 £+ 0.01 8.50 £+ 0.06 -45.12 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08511799+41145541 18.5 + 12.1 -0.08 4+ 0.01 -3.19 4+ 0.88 -9.21 4+ 0.82 0.00 -1.00 0.00 NM
NGC 2682 2MO085118054-1126290 33.5 + 0.2 0.02 &+ 0.01 -11.09 £ 0.04 -3.14 + 0.03 0.97 -1.00 0.63 DM
NGC 2682 2M08511810+1142547 33.9 £ 0.1 0.02 + 0.01 -10.96 + 0.05 -2.89 + 0.04 1.00 -1.00 0.96 DM
NGC 2682 2MO085118264-1150196 34.3 + 4.2 -0.18 £+ 0.01 -10.89 £ 0.06 -2.59 + 0.04 0.95 -1.00 0.29 DM
NGC 2682 2M08511827+1141296 33.9 £ 0.4 0.08 + 0.01 -10.98 £+ 0.11 -3.42 + 0.08 1.00 -1.00 0.14 DM
NGC 2682 2MO08511833+4-1143251 33.7 £ 0.1 0.00 £+ 0.01 -11.34 £ 0.05 -3.11 4+ 0.04 0.99 -1.00 0.23 DM
NGC 2682 2M08511854+41149214 34.4 +£ 0.1 0.01 4+ 0.01 -11.15 £ 0.07 -2.82 + 0.05 0.94 -1.00 0.64 DM
NGC 2682 2MO085118684-1147026 78.7 £ 1.0 -0.21 £+ 0.01 -10.63 £ 0.07 -2.94 4+ 0.05 0.00 0.00 0.37 NM
NGC 2682 2M08511872+1155497 34.7 £ 0.2  -0.05 £ 0.01 -10.87 £ 0.05 -3.06 + 0.03 0.83 -1.00 0.82 DM
NGC 2682 2MO08511877+41151186 34.1 + 0.1 0.10 £+ 0.01 -10.98 £ 0.07 -2.74 + 0.05 0.99 -1.00 0.66 DM
NGC 2682 2MO08511886+4-1135177 33.8 £ 0.3 0.11 £+ 0.01 -11.00 £ 0.10 -2.64 + 0.08 1.00 -1.00 0.42 DM
NGC 2682 2M08511897+41158110 34.0 + 0.1 0.05 £+ 0.01 -11.08 £ 0.06 -3.09 + 0.04 0.99 0.81 0.76 GM
NGC 2682 2MO085119014-1150057 -28.2 + 0.0 -0.48 £+ 0.01 -10.95 £ 0.07 -3.08 + 0.05 0.00 -1.00 0.87 NM
NGC 2682 2M08511960+4-1045305 100.9 £+ 0.3 -0.56 £+ 0.01 -1.38 4+ 0.05 -2.81 4+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO085119634-1232465 4.7 £ 1.7 0.10 £+ 0.01 -16.25 £ 0.08 -5.11 4+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08511982+41221332 34.4 + 0.1 0.26 4+ 0.01 -13.42 £+ 0.06 -16.98 £+ 0.04 0.92 -1.00 0.00 NM
NGC 2682 2MO085120034-1151016 35.0 + 0.3 0.05 £+ 0.01 -10.63 £ 0.05 -2.90 £+ 0.04 0.68 -1.00 0.35 DM
NGC 2682 2M08512012+4-1146416 34.3 + 0.1 -0.03 4+ 0.01 -10.88 £ 0.08 -2.75 + 0.05 0.96 -1.00 0.65 DM
NGC 2682 2MO085120334-1145523 33.7 £ 0.3 -0.02 £+ 0.01 -10.89 £ 0.06 -2.96 + 0.04 0.99 -1.00 0.95 DM
NGC 2682 2M085120554-1146047 34.3 + 0.2 0.05 4+ 0.01 -11.24 £ 0.06 -3.26 + 0.04 0.94 -1.00 0.22 DM
NGC 2682 2MO085120804-1145024 33.8 £ 0.1 -0.02 £+ 0.01 -10.51 £ 0.06 -3.81 + 0.04 1.00 -1.00 0.00 NM
NGC 2682 2M085121224-1145526 33.5 + 0.7 -0.01 4+ 0.01 -11.74 £ 0.09 -2.47 + 0.06 0.96 -1.00 0.00 NM
NGC 2682 2MO085121404-1240008 63.7 + 0.3 0.42 £+ 0.01 -13.40 £ 0.07 -16.43 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08512150+4-1159048 32.2 + 0.2 0.07 4+ 0.01 -11.95 £ 0.05 -1.88 + 0.03 0.45 -1.00 0.00 NM
NGC 2682 2MO085121564-1146061 34.9 + 0.1 0.12 £+ 0.01 -11.10 £ 0.08 -2.66 + 0.05 0.76 0.53 0.40 GM
NGC 2682 2M08512175+41152378 34.9 + 0.0 -0.10 4+ 0.01 -10.12 £ 0.10 -1.98 + 0.08 0.75 -1.00 0.00 NM
NGC 2682 2M08512176+41144050 32.8 £ 0.5 -0.00 £ 0.01 -11.28 £ 0.05 -3.12 4+ 0.04 0.72 -1.00 0.34 DM
NGC 2682 2M08512194+4-1153089 34.5 + 0.2 0.08 4+ 0.01 -10.88 £ 0.09 -2.83 + 0.05 0.91 -1.00 0.82 DM
NGC 2682 2M08512205+1146409 34.4 + 0.0 0.02 £+ 0.01 -11.01 £ 0.05 -3.05 + 0.03 0.91 -1.00 0.91 DM
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NGC 2682 2MO085122144-1148278 33.0 £ 1.0 -0.18 £+ 0.01 -11.07 £ 0.09 -3.22 £+ 0.06 0.80 -1.00 0.49 DM
NGC 2682 2M085122394-1200182 3.5 + 0.4 -0.55 + 0.02 28.42 £ 0.11 -53.62 £+ 0.08 0.00 -1.00 0.00 NM
NGC 2682 2MO085122404-1151291 33.4 + 0.2 -0.08 £+ 0.01 -10.94 £ 0.05 -2.96 + 0.04 0.95 -1.00 0.99 DM
NGC 2682 2M08512280+4-1148016 33.8 + 0.0 0.12 4+ 0.01 -11.05 £ 0.07 -2.93 + 0.06 1.00 0.51 0.94 GM
NGC 2682 2MO085123144-1154049 33.6 + 0.3 0.03 £+ 0.01 -10.83 £ 0.05 -2.76 + 0.03 0.98 -1.00 0.60 DM
NGC 2682 2M08512377+41149493 38.2 + 3.9 0.02 4+ 0.01 -11.30 £ 0.14 -2.98 + 0.08 0.01 0.34 0.37 NM
NGC 2682 2MO085123804-1147160 30.2 + 1.6 0.03 £+ 0.01 -10.10 £ 0.07 -3.35 + 0.05 0.02 -1.00 0.00 NM
NGC 2682 2M08512386+1138521 34.6 + 0.4 0.02 + 0.01 -11.04 + 0.06 -2.81 + 0.05 0.86 -1.00 0.79 DM
NGC 2682 2MO08512395+41124494 35.2 + 11.4 -0.03 £+ 0.01 -10.95 £ 0.04 -2.81 + 0.03 0.61 -1.00 0.83 DM
NGC 2682 2M08512408+1148218 23.3 + 6.7 0.03 + 0.01 -11.07 £ 0.08 -3.03 £ 0.06 0.00 -1.00 0.85 NM
NGC 2682 2MO085124284-1123173 33.9 + 0.1 0.02 £+ 0.01 -11.05 £ 0.05 -2.74 + 0.03 1.00 -1.00 0.64 DM
NGC 2682 2M08512467+1143061 32.0 £ 0.3 0.08 + 0.01 -10.88 + 0.07 -2.18 + 0.05 0.38 -1.00 0.00 NM
NGC 2682 2MO085125154-1214495 56.1 + 22.6 -0.37 £+ 0.01 -20.62 £ 0.04 -4.70 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08512535+1103554 54.0 £ 0.2 0.35 + 0.01 -27.93 + 0.06 -14.54 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08512536+4-1147342 34.4 + 0.2 -0.03 £+ 0.01 -11.80 £ 0.08 -1.32 + 0.05 0.93 -1.00 0.00 NM
NGC 2682 2M08512593+1133001 34.9 £ 0.2 -0.01 £ 0.01 -10.89 + 0.09 -3.07 £ 0.06 0.76 -1.00 0.85 DM
NGC 2682 2M08512604+4-1149555 32.9 + 0.3 -0.10 £+ 0.01 -11.76 £ 0.06 -3.28 4+ 0.04 0.77 -1.00 0.00 NM
NGC 2682 2MO085126184-1153520 34.2 £ 0.0 0.07 £+ 0.01 -11.00 £ 0.07 -2.88 + 0.05 0.98 0.99 0.95 GM
NGC 2682 2M08512643+4-1140125 43.7 + 0.1 -0.02 £+ 0.01 -36.47 £ 0.05 4.03 + 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO08512655+4-1157092 -0.9 £ 0.1 -0.14 £+ 0.01 -2.40 £+ 0.08 -6.88 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08512734+4-1207406 19.5 £ 1.6 -0.28 + 0.01 -19.62 £ 0.14 -31.20 £ 0.10 0.00 -1.00 0.00 NM
NGC 2682 2MO085127424-1153265 34.3 £ 0.2 -0.01 £+ 0.01 -10.87 £ 0.06 -3.09 £+ 0.04 0.95 -1.00 0.79 DM
NGC 2682 2M08512742+41213432 39.5 + 0.1 -0.12 4+ 0.01 -8.05 + 0.06 14.84 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085127884-1155409 36.1 + 0.2 0.02 £+ 0.01 -11.13 £ 0.04 -2.40 £+ 0.03 0.26 -1.00 0.05 DM
NGC 2682 2M08512839+41203162 18.9 £+ 0.2 -0.20 4+ 0.01 -14.63 £ 0.06 11.33 £+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08512861+1138314 37.1 + 12.2 -0.03 £+ 0.01 -11.11 £ 0.06 -3.12 + 0.04 0.05 -1.00 0.65 DM
NGC 2682 2M0851287941151599 33.6 + 0.1 -0.09 4+ 0.01 -10.91 + 0.07 -3.04 + 0.05 0.98 -1.00 0.91 DM
NGC 2682 2MO085128984-1150330 33.5 + 0.0 0.08 £+ 0.01 -11.14 £ 0.08 -3.22 + 0.05 0.95 0.97 0.41 GM
NGC 2682 2M08512935+4-1145275 33.1 + 0.1 0.04 4+ 0.01 -10.74 £ 0.07 -2.98 + 0.04 0.86 0.66 0.62 GM
NGC 2682 2MO085129504-1106515 -0.8 £ 0.2 0.04 £+ 0.01 -3.75 £+ 0.06 0.19 £+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08512990+4-1147168 36.3 + 0.0 -0.05 4+ 0.01 -11.27 £ 0.09 -3.73 + 0.05 0.20 0.00 0.00 NM
NGC 2682 2MO085129934-1135112 34.4 + 0.1 -0.05 £+ 0.01 -11.20 £ 0.07 -2.72 + 0.05 0.93 -1.00 0.39 DM
NGC 2682 2M08512996+41151090 34.8 + 0.2 0.01 4+ 0.01 -11.07 £ 0.05 -3.08 + 0.03 0.78 -1.00 0.79 DM
NGC 2682 2M08513012+1143498 33.5 + 0.2 -0.08 &+ 0.01 -11.11 £ 0.09 -3.09 + 0.06 0.97 -1.00 0.71 DM
NGC 2682 2M0851304441148582 30.1 + 6.1 0.09 4+ 0.01 -11.18 £ 0.07 -3.18 + 0.05 0.02 0.91 0.42 GM
NGC 2682 2MO0851305741149131 30.3 + 0.1 0.07 £+ 0.01 -10.99 £ 0.07 -3.16 + 0.04 0.03 -1.00 0.67 DM
NGC 2682 2M08513119+1153179 34.2 £ 0.3 -0.01 £ 0.01 -10.82 + 0.04 -2.98 + 0.03 0.98 -1.00 0.81 DM
NGC 2682 2MO08513194+4-1153117 32.4 + 0.1 -0.01 £+ 0.01 -11.15 £ 0.06 -3.19 4+ 0.04 0.56 -1.00 0.45 DM
NGC 2682 2M08513206+1155085 39.2 £ 3.3 -0.01 £ 0.01 -10.94 + 0.04 -2.72 £ 0.03 0.00 -1.00 0.61 NM
NGC 2682 2MO085132154-1136126 34.3 £ 0.4 -0.02 £+ 0.01 -11.22 £ 0.04 -2.83 + 0.03 0.94 -1.00 0.49 DM
NGC 2682 2M08513240+1148011 33.2 £ 0.7 0.02 + 0.01 -11.25 + 0.08 -2.79 £ 0.05 0.89 -1.00 0.38 DM
NGC 2682 2MO085132444-1147523 32.8 + 0.1 -0.05 £+ 0.01 -11.62 £ 0.08 -2.77 + 0.06 0.72 -1.00 0.02 DM
NGC 2682 2M08513322+1148513 35.1 £ 0.1  -0.10 £ 0.01 -11.50 + 0.07 -2.65 + 0.05 0.68 -1.00 0.04 DM
NGC 2682 2M08513365+41138336 89.6 + 1.0 -0.35 £+ 0.01 -15.01 £ 0.10 2.48 £+ 0.07 0.00 -1.00 0.00 NM
NGC 2682 2M08513381+1122511 33.5 £ 0.1  -0.00 £ 0.01 -11.15 + 0.07 -2.89 + 0.05 0.96 -1.00 0.73 DM
NGC 2682 2M08513424+41145535 34.2 + 0.5 0.19 £+ 0.01 -10.83 £ 0.07 -2.81 + 0.05 0.97 -1.00 0.70 DM
NGC 2682 2MO085134444-1137574 34.0 &£ 0.1 0.03 £+ 0.01 -10.78 £ 0.04 -2.66 + 0.03 0.99 -1.00 0.35 DM
NGC 2682 2M08513455+41149068 33.5 + 0.4 0.07 £+ 0.01 -11.05 £ 0.08 -3.20 + 0.05 0.97 -1.00 0.55 DM
NGC 2682 2MO085135404-1157564 33.4 + 0.0 0.01 £+ 0.01 -11.10 £ 0.07 -3.01 £+ 0.04 0.94 -1.00 0.84 DM
NGC 2682 2M08513553+4-1139469 42.1 + 8.9 -0.17 4+ 0.01 -11.12 £ 0.05 -1.70 4+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085135724-1209273 -11.4 + 0.3 0.07 £+ 0.01 2.41 £+ 0.07 -16.68 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08513577+41153347 34.0 + 0.1 0.08 4+ 0.01 -11.06 £ 0.06 -2.93 + 0.04 0.99 1.00 0.92 GM
NGC 2682 2MO0851367341149590 34.1 + 0.3 0.12 £+ 0.01 -11.08 £ 0.08 -2.99 £+ 0.05 0.99 -1.00 0.89 DM
NGC 2682 2M0851370141136516 33.2 £ 0.7 0.10 4+ 0.01 -10.80 £ 0.06 -3.31 4+ 0.04 0.88 -1.00 0.25 DM
NGC 2682 2MO0851371041154599 34.9 + 0.0 -0.04 £+ 0.01 -10.85 £ 0.04 -2.95 + 0.03 0.76 -1.00 0.87 DM
NGC 2682 2M085137244-1146557 44.4 + 11.6 0.03 4+ 0.01 -11.44 £ 0.05 -2.96 + 0.03 0.00 -1.00 0.13 NM
NGC 2682 2MO0851375741156445 34.2 + 0.1 0.09 £+ 0.01 -11.25 £ 0.05 -3.06 + 0.04 0.96 -1.00 0.45 DM
NGC 2682 2M0851379541158491 35.5 + 0.0 0.21 4+ 0.01 -38.70 £ 0.06 -7.95 + 0.04 0.48 -1.00 0.00 NM
NGC 2682 2MO085138064-1201243 32.1 + 0.1 0.01 £ 0.01 -11.03 £ 0.06 -3.40 + 0.04 0.43 -1.00 0.17 DM
NGC 2682 2M08513862+41220141 33.7 £ 0.1 0.04 4+ 0.01 -10.95 £ 0.08 -3.00 + 0.05 1.00 0.66 0.98 GM
NGC 2682 2MO085138734-1142373 33.1 + 0.2 -0.06 + 0.01 -11.12 £ 0.05 -2.77 + 0.03 0.83 -1.00 0.61 DM
NGC 2682 2M08513904+4-1147553 33.5 + 0.0 0.00 4+ 0.01 -10.75 £ 0.04 -3.14 + 0.03 0.96 -1.00 0.49 DM
NGC 2682 2MO085139384-1151456 34.0 + 0.1 0.05 &+ 0.01 -11.10 £ 0.07 -3.12 + 0.04 1.00 0.83 0.67 GM
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NGC 2682 2MO085140424-1201501 69.8 + 0.1 -0.45 £+ 0.01 -10.10 £ 0.06 1.31 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08514089+4-1157443 32.7 £ 0.8 0.04 £+ 0.01 -10.31 £ 0.09 -2.42 4+ 0.06 0.67 -1.00 0.00 NM
NGC 2682 2MO0851410741211319 1.0 £ 0.3 0.17 £+ 0.01 0.25 £+ 0.07 -3.35 + 0.05 0.00 0.04 0.00 NM
NGC 2682 2M08514122+41154290 33.6 + 0.2 -0.01 4+ 0.01 -11.15 £ 0.07 -3.06 + 0.05 0.98 -1.00 0.67 DM
NGC 2682 2MO085141894-1149376 35.9 + 0.3 0.09 £+ 0.01 -11.02 £ 0.06 -2.92 4+ 0.04 0.32 -1.00 0.97 DM
NGC 2682 2M08514194+41143371 30.0 + 17.8 -0.10 4+ 0.01 -10.95 £ 0.07 -2.88 + 0.05 0.01 -1.00 0.95 DM
NGC 2682 2MO085142344-1150076 34.3 £ 0.0 0.09 £+ 0.01 -11.02 £ 0.07 -2.80 + 0.05 0.96 0.96 0.80 GM
NGC 2682 2M08514235+1151230 33.5 £ 0.1 0.07 + 0.01 -10.79 + 0.06 -2.97 £ 0.04 0.97 1.00 0.76 GM
NGC 2682 2MO085142364-1132069 33.4 + 0.1 0.00 £+ 0.01 -10.96 £ 0.05 -3.14 4+ 0.04 0.93 -1.00 0.73 DM
NGC 2682 2M08514255+1145588 58.4 + 0.2 0.06 + 0.01 -3.59 + 0.08 -1.88 + 0.05 0.00 0.89 0.00 NM
NGC 2682 2MO085142594-1156050 34.2 + 0.3 0.09 £+ 0.01 -11.09 £ 0.09 -3.21 4+ 0.06 0.98 -1.00 0.49 DM
NGC 2682 2M08514268+1146365 152.8 £ 0.1  -0.62 £ 0.01 -7.56 + 0.07 -10.77 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0851427741238418 44.4 + 0.1 -0.46 £+ 0.01 -2.44 £+ 0.05 -0.29 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08514336+1206484 35.6 £ 0.8  -0.02 £ 0.01 -11.08 + 0.09 -4.04 £ 0.06 0.42 -1.00 0.00 NM
NGC 2682 2MO08514355+41144264 27.8 £ 0.1 0.13 £+ 0.01 -10.37 £ 0.07 -2.04 + 0.04 0.00 0.38 0.00 NM
NGC 2682 2MO085143754-1145148 32.4 + 0.2 -0.09 £+ 0.01 -11.22 £ 0.06 -2.94 + 0.04 0.55 -1.00 0.55 DM
NGC 2682 2M08514388+4-1156425 32.9 + 0.0 0.07 £+ 0.01 -11.18 £ 0.11 -3.16 + 0.07 0.78 0.97 0.46 GM
NGC 2682 2M08514401+41146245 33.1 £ 0.1 0.01 £ 0.01 -11.10 £ 0.07 -2.89 £+ 0.05 0.85 -1.00 0.82 DM
NGC 2682 2M08514465+41141510 32.9 + 0.3 -0.01 £+ 0.01 -11.33 £ 0.04 -2.95 + 0.03 0.79 -1.00 0.31 DM
NGC 2682 2MO085144744-1146460 33.1 £ 0.1 0.01 £+ 0.01 -11.06 £ 0.07 -3.12 £+ 0.04 0.85 0.19 0.71 GM
NGC 2682 2M08514475+41145012 34.9 + 0.2 -0.06 + 0.01 -10.87 £ 0.04 -2.81 4+ 0.03 0.75 -1.00 0.77 DM
NGC 2682 2MO085145074-1147459 33.0 £ 0.0 0.10 £+ 0.01 -11.05 £ 0.07 -3.03 £+ 0.04 0.80 0.74 0.89 GM
NGC 2682 2M08514577+41217052 50.2 £+ 0.2 -0.25 4+ 0.01 -2.59 4+ 0.08 -3.42 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085145974-1144093 32.8 + 0.1 0.01 £+ 0.01 -11.00 £ 0.04 -2.99 + 0.03 0.72 -1.00 0.98 DM
NGC 2682 2M08514632+41200553 127.2 £ 0.5 -0.39 4+ 0.01 -10.11 £ 0.06 0.69 4+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0851464141146267 33.6 + 0.1 0.02 £+ 0.01 -11.01 £ 0.05 -3.21 + 0.03 0.98 -1.00 0.54 DM
NGC 2682 2M085147424-1147096 31.4 + 6.0 -0.02 4+ 0.01 -11.11 £ 0.05 -3.09 4+ 0.03 0.19 -1.00 0.70 DM
NGC 2682 2MO085148144-1159313 23.7 £+ 28.2 -0.07 £+ 0.01 -10.80 £ 0.06 -3.17 4+ 0.04 0.00 -1.00 0.51 NM
NGC 2682 2M08514832+41151118 38.2 + 0.9 -0.08 4+ 0.01 -10.89 £ 0.08 -3.13 + 0.05 0.01 -1.00 0.70 NM
NGC 2682 2MO08514879+41158197 -42.9 + 0.5 -0.43 £+ 0.01 6.54 + 0.46 -9.28 + 0.31 0.00 -1.00 0.00 NM
NGC 2682 2M08514883+41156511 34.3 £ 0.1 0.01 4+ 0.01 -10.96 £ 0.08 -3.26 + 0.05 0.94 0.16 0.42 GM
NGC 2682 2MO085148984-1143398 34.2 + 0.5 0.12 £+ 0.01 -10.86 £ 0.07 -2.79 + 0.05 0.97 -1.00 0.71 DM
NGC 2682 2M08514960+41206575 21.4 £ 04 -1.21 4+ 0.01 16.89 + 0.05 -17.56 £+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08514992+1133184 33.1 + 0.2 0.02 &+ 0.01 -11.25 £ 0.07 -2.95 + 0.05 0.84 -1.00 0.50 DM
NGC 2682 2M08514994+41149311 33.3 £ 0.1 -0.02 4+ 0.01 -11.35 £ 0.07 -3.10 + 0.04 0.92 -1.00 0.22 DM
NGC 2682 2MO085150204-1146069 37.3 £ 04 0.07 £+ 0.01 -11.24 £ 0.07 -2.93 + 0.04 0.03 0.99 0.51 GM
NGC 2682 2M08515094+1128486 33.9 £ 0.1 0.14 + 0.01 -40.87 + 0.06 -10.51 £ 0.05 1.00 -1.00 0.00 NM
NGC 2682 2MO085151044-1137025 66.9 + 0.3 -0.70 £+ 0.01 -18.26 £ 0.05 5.43 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08515145+1157497 33.2 £ 0.5 -0.01 £ 0.01 -10.85 + 0.08 -3.23 + 0.06 0.89 -1.00 0.44 DM
NGC 2682 2MO0851517441204467 34.2 + 0.1 0.15 £+ 0.01 -10.75 £ 0.04 -3.07 + 0.03 0.97 -1.00 0.59 DM
NGC 2682 2M08515251+1104256 -31.7 £ 0.4  -0.06 + 0.01 9.29 £ 0.06 -15.96 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08515281+41204189 32.5 + 0.0 -0.04 £+ 0.01 -10.98 £ 0.06 -2.85 + 0.05 0.58 -1.00 0.90 DM
NGC 2682 2M08515290+1146358 34.0 £ 0.5 0.03 + 0.01 -11.09 + 0.09 -2.78 £ 0.05 1.00 -1.00 0.68 DM
NGC 2682 2M08515309+4-1140536 21.5 + 22.7 -0.26 £+ 0.01 -11.27 £ 0.04 -2.95 + 0.03 0.00 -1.00 0.44 NM
NGC 2682 2MO08515335+41148208 34.3 £ 0.0 -0.05 £+ 0.01 -11.44 £ 0.07 -2.94 + 0.04 0.95 -1.00 0.14 DM
NGC 2682 2M08515383+41131072 87.2 + 0.2 -0.38 £+ 0.01 -4.25 + 0.04 -5.05 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO085155154-1139401 35.6 &+ 0.4 0.01 £+ 0.01 -10.99 £ 0.05 -2.94 £+ 0.03 0.41 -1.00 0.99 DM
NGC 2682 2M08515566+41143392 34.4 + 0.3 -0.02 £+ 0.01 -11.27 £+ 0.28 -4.20 4+ 0.18 0.92 -1.00 0.00 NM
NGC 2682 2MO0851556741217573 33.5 £ 0.1 0.01 £+ 0.01 -10.99 £ 0.08 -2.86 + 0.06 0.97 0.20 0.92 GM
NGC 2682 2M08515586+4-1109312 31.1 +£ 0.9 0.00 £+ 0.01 -11.81 + 0.07 -6.17 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO0851561141150147 34.7 £ 0.0 0.13 £+ 0.01 -11.13 £ 0.08 -3.89 + 0.05 0.83 0.26 0.00 NM
NGC 2682 2M08515613+4-1139041 34.3 + 0.1 0.06 4+ 0.01 -11.25 £ 0.05 -3.07 4+ 0.03 0.95 -1.00 0.44 DM
NGC 2682 2MO085157874-1145459 37.8 £ 2.4 -0.07 £+ 0.01 -10.52 £ 0.12 -3.07 + 0.07 0.01 -1.00 0.15 DM
NGC 2682 2M08515809+4-1148160 33.2 + 0.9 0.00 £+ 0.02 -11.40 £ 0.10 -3.40 £+ 0.06 0.89 -1.00 0.03 DM
NGC 2682 2MO085158524-1146529 40.8 + 0.7 -0.38 £+ 0.01 -16.84 £ 0.07 7.17 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08515877+41201555 34.0 £ 0.4 0.02 4+ 0.01 -11.11 + 0.07 -2.66 + 0.05 1.00 -1.00 0.40 DM
NGC 2682 2MO0851587741150024 37.0 £ 0.2 -0.07 £+ 0.01 -10.51 £ 0.06 -2.89 + 0.04 0.06 -1.00 0.15 DM
NGC 2682 2M08515893+4-1159560 33.4 + 0.2 0.06 4+ 0.01 -10.93 £ 0.08 -2.75 + 0.05 0.94 -1.00 0.68 DM
NGC 2682 2MO085159524-1155049 34.4 + 0.0 0.06 £+ 0.01 -11.00 £ 0.09 -3.10 £+ 0.06 0.93 0.95 0.81 GM
NGC 2682 2M08515955+4-1246247 113.3 + 0.2 -0.02 4+ 0.01 -7.14 + 0.07 -4.15 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085159634-1152576 33.0 £ 0.1 -0.01 £+ 0.01 -10.91 £ 0.07 -2.66 + 0.04 0.81 -1.00 0.47 DM
NGC 2682 2M08520041+4-1156070 34.1 + 0.2 0.09 4+ 0.01 -11.21 £ 0.06 -2.96 + 0.03 0.99 -1.00 0.60 DM
NGC 2682 2MO085202154-1149083 30.6 + 0.2 -0.04 £+ 0.01 -10.61 £ 0.05 -2.75 + 0.03 0.05 -1.00 0.22 DM
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Table A.1 — Continued

Cluster 2MASS ID RV [Fe/H] e 5 RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 2682 2M085202534-1207046 -15.3 + 0.2 -0.36 £+ 0.01 -1.41 £+ 0.07 -3.64 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08520276+41146039 37.3 £ 1.7 -0.01 + 0.01 -11.27 £ 0.05 -3.17 + 0.03 0.04 -1.00 0.29 DM
NGC 2682 2MO08520356+4-1141238 34.1 + 0.1 -0.05 £+ 0.01 -10.82 £ 0.07 -2.76 + 0.04 0.98 -1.00 0.60 DM
NGC 2682 2M08520474+4-1158291 30.1 + 0.1 -0.03 4+ 0.01 -12.06 £ 0.07 -2.98 + 0.04 0.02 -1.00 0.00 NM
NGC 2682 2MO085206294-1138411 44.9 £+ 16.9 -0.14 £+ 0.01 -11.46 £ 0.05 -3.25 + 0.03 0.00 -1.00 0.06 NM
NGC 2682 2M0852074141150221 34.2 + 0.2 0.02 4+ 0.01 -11.12 £ 0.04 -2.95 + 0.03 0.97 -1.00 0.82 DM
NGC 2682 2MO0852085141155404 1.7 £ 4.7 -0.07 £+ 0.01 -6.10 £+ 0.06 5.65 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08521097+1131491 33.8 £ 0.0 0.11 + 0.01 -11.06 + 0.06 -2.76 £ 0.04 1.00 0.67 0.67 GM
NGC 2682 2MO085211344-1145380 33.1 + 0.0 0.03 £+ 0.01 -10.98 £ 0.07 -2.99 + 0.04 0.83 -1.00 0.99 DM
NGC 2682 2M08521459+1046339 10.2 £ 0.3 0.12 + 0.01 0.10 £ 0.06 -10.60 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08521649+41147382 33.9 + 0.3 0.06 £+ 0.01 -11.01 £ 0.07 -2.74 + 0.04 1.00 -1.00 0.67 DM
NGC 2682 2M08521656+1119380 33.8 £ 0.0 0.08 + 0.01 -11.05 + 0.07 -2.88 + 0.05 1.00 1.00 0.90 GM
NGC 2682 2MO085216644-1142300 32.2 + 4.0 -0.11 £+ 0.01 -10.94 £ 0.05 -2.95 + 0.03 0.47 -1.00 0.99 DM
NGC 2682 2M08521752+1100352 -53.6 = 0.2 -0.06 + 0.01 4.64 £ 0.05 -25.72 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08521856+1144263 33.7 £ 0.1 0.09 £+ 0.01 -11.13 £ 0.07 -3.14 4+ 0.05 0.99 0.90 0.58 GM
NGC 2682 2M08521868+1143246 32.7 £ 0.2 -0.06 £ 0.01 -10.97 £ 0.07 -2.86 + 0.04 0.70 -1.00 0.94 DM
NGC 2682 2M08522003+4-1127362 33.9 + 0.1 0.08 £+ 0.01 -11.22 £ 0.07 -2.91 4+ 0.04 1.00 1.00 0.54 GM
NGC 2682 2MO08522086+4-1121472 34.9 £ 0.0 -0.23 £+ 0.01 -6.84 £+ 0.07 5.25 £ 0.05 0.74 0.00 0.00 NM
NGC 2682 2M085223324-1250027 6.4 + 0.2 -0.08 £+ 0.01 1.88 + 0.05 2.73 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085226364-1141277 33.4 + 0.1 0.02 £+ 0.01 -10.77 £ 0.08 -2.99 £+ 0.05 0.94 0.31 0.70 GM
NGC 2682 2M085237514-1050537 6.7 £ 0.0 0.09 £+ 0.01 -63.52 £+ 0.06 -16.54 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085237584-1141218 80.9 + 0.7 -0.26 £+ 0.01 -29.83 £ 0.08 -27.78 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08524532+4-1050549 77.4 £ 0.0 -0.00 £+ 0.01 -5.27 4+ 0.05 -0.44 4+ 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO085250404-1111066 41.6 + 0.1 -0.06 £+ 0.01 -1.39 £+ 0.07 2.03 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M0852534741048530 -38.7 + 0.0 0.37 4+ 0.01 1.00 + 0.07 -2.20 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO085254284-1129482 33.1 + 0.1 -0.28 £+ 0.01 -1.27 £+ 0.08 -2.35 + 0.05 0.85 0.00 0.00 NM
NGC 2682 2M08525607+41112447 85.0 + 0.3 -0.83 4+ 0.01 -1.92 4+ 0.05 -5.43 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO085256254-1148539 32.8 + 0.1 0.13 £+ 0.01 -11.02 £ 0.08 -3.10 £+ 0.05 0.74 0.31 0.80 GM
NGC 2682 2M08525848+-1118539 66.9 + 0.2 -0.32 4+ 0.01 -2.81 4+ 0.06 -9.02 £+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0852594741210573 85.7 + 0.2 -0.16 £+ 0.01 -52.83 £ 0.15 -37.87 £ 0.12 0.00 -1.00 0.00 NM
NGC 2682 2M08530060+41141001 15.6 + 0.0 0.11 4+ 0.01 3.70 4+ 0.08 2.57 £ 0.05 0.00 0.61 0.00 NM
NGC 2682 2MO08530433+41054197 -5.3 £ 0.3 0.31 £+ 0.01 -12.51 £ 0.10 -0.29 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08530456+41129544 138.0 + 0.3 -0.16 4+ 0.01 -31.15 £ 0.08 14.94 4+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO08530651+4-1214374 357.1 £ 0.3 -1.32 + 0.01 1.11 + 0.05 -0.93 £+ 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08530745+41133583 39.5 + 0.0 0.27 4+ 0.01 2.32 4+ 0.04 -21.58 £+ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2MO085307664-1143005 86.3 + 0.6 0.04 £+ 0.01 5.32 £+ 0.07 -31.15 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08530772+1222365 68.4 £ 0.3  -0.41 £ 0.01 -28.85 + 0.06 -15.43 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO08530915+41051224 1.2 £ 0.3 0.03 £+ 0.01 3.04 + 0.07 -14.03 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08531108+1100596 102.4 £+ 0.0 0.27 + 0.01 -6.09 + 0.06 5.32 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO085313764-1104360 9.1 £ 0.3 -0.06 £+ 0.01 -5.21 £+ 0.07 7.94 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08531969+1132235 87.5 +£ 0.1 -1.54 £+ 0.01 -0.50 + 0.06 -17.11 £ 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO085321944-1050292 121.7 £ 0.1 -0.30 £+ 0.01 -12.58 £ 0.07 -21.45 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08532214+1112230 33.7 £ 0.1  -0.45 £ 0.01 -0.03 + 0.04 -0.68 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2M08532217+41241133 -4.4 £ 10.6 -0.05 £+ 0.01 -3.26 £+ 0.06 -15.70 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M0853224141218406 -26.1 + 0.1 -0.22 £+ 0.01 -5.71 £+ 0.07 -12.80 £ 0.06 0.00 0.00 0.00 NM
NGC 2682 2M08532275+41208484 23.6 + 0.1 -0.27 £+ 0.01 -3.18 £+ 0.07 -2.96 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0853237241119098 28.6 £ 0.3 -0.39 £+ 0.01 11.31 + 0.07 -8.55 + 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08532742+4-1111047 23.6 + 0.2 -0.32 £+ 0.01 -17.25 £ 0.06 -6.57 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO085329054-1223556 40.7 £ 0.4 0.41 £+ 0.01 5.51 £+ 0.05 -7.72 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08533316+41112491 63.8 + 0.1 -0.39 4+ 0.01 -5.17 4+ 0.06 -0.84 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2MO0853417241214386 53.3 £ 0.0 0.21 £+ 0.01 -8.17 £+ 0.06 -27.12 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2M08534672+41123307 33.0 £ 0.1 0.07 4+ 0.01 -11.24 + 0.08 -2.79 + 0.05 0.00 0.00 0.41 NM
NGC 2682 2MO085347944-1202435 94.5 + 0.4 0.07 £+ 0.01 -1.89 £+ 0.06 -3.05 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08534873+41201149 9.1 £ 0.3 0.14 4+ 0.01 -10.47 £ 0.08 -17.24 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO0853492741237197 46.7 + 0.2 0.05 £+ 0.01 24.33 £ 0.08 -73.72 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M0853573141223031 40.1 + 0.0 -0.24 4+ 0.01 -5.99 4+ 0.07 -3.71 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0854007741141309 13.7 £ 0.3 0.13 £+ 0.01 -1.66 £+ 0.08 -6.21 + 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08540404+41236352 79.5 £ 0.1 0.15 4+ 0.01 -1.79 4+ 0.07 -3.88 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO0854048741200199 34.6 + 0.1 0.09 £+ 0.01 -6.12 £+ 0.08 0.47 £+ 0.06 0.00 0.00 0.00 NM
NGC 2682 2M08540699+41212175 14.0 £ 0.1 0.14 4+ 0.01 -4.72 4+ 0.08 -2.48 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08540947+1214531 54.6 = 0.3 -0.55 + 0.01 -5.27 £+ 0.07 -3.27 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08542116+41131162 39.3 £ 0.1 0.29 4+ 0.01 -57.96 £ 0.06 -27.26 £+ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO085426484-1105034 67.8 + 0.4 0.00 £+ 0.01 -25.46 £ 0.10 -18.13 £ 0.06 0.00 -1.00 0.00 NM
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Cluster 2MASS ID RV [Fe/H] e ws RV [Fe/H] PM Memb
name (km s~ 1) (dex) (mas yr—1) (mas yr—1) Prob Prob Prob

NGC 2682 2MO0854284141113088 -42.0 £+ 38.2 -0.22 £+ 0.01 -10.91 £ 0.08 -5.30 &+ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2M08543353+4-1219079 -3.5 £ 0.0 -0.31 4+ 0.01 -8.01 4+ 0.07 2.48 £ 0.05 0.00 0.00 0.00 NM
NGC 2682 2MO08543373+41213417 62.6 + 0.6 -1.07 £+ 0.01 -0.11 £+ 0.07 -2.99 + 0.04 0.00 0.00 0.00 NM
NGC 2682 2M08543965+41229595 24.8 £ 0.1 0.15 4+ 0.01 -25.16 £ 0.09 -7.70 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO085443434-1144570 38.3 = 0.4 -0.04 £+ 0.01 -15.61 £ 0.10 -4.05 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08544465+41130053 4.0 £ 54 -0.27 4+ 0.01 -4.11 4+ 0.08 -4.55 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2MO085445044-1159398 -30.9 + 0.4 -0.42 £+ 0.01 30.34 £ 0.08 -51.95 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08544578+1218431 23.8 + 10.2 0.01 + 0.01 -12.78 £ 0.11 -4.84 + 0.07 0.00 -1.00 0.00 NM
NGC 2682 2MO0854474741109214 24.7 £ 0.4 0.02 £+ 0.01 -105.09 + 0.09 -62.67 £ 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08545333+1119571 6.7 + 0.0 0.19 + 0.01 -32.51 + 0.07 -27.97 £ 0.05 0.00 -1.00 0.00 NM
NGC 2682 2MO085453964-1135580 31.1 + 0.4 0.18 £+ 0.01 -17.30 £ 0.09 -8.98 + 0.06 0.00 -1.00 0.00 NM
NGC 2682 2M08545627+1213146 33.8+ 0.2 -0.12 £ 0.01 -6.55 + 0.09 -6.48 + 0.07 0.00 -1.00 0.00 NM
NGC 2682 2MO08545739+41201313 61.6 + 0.1 -0.11 £+ 0.01 -6.57 + 0.07 3.22 + 0.05 0.00 0.00 0.00 NM
NGC 2682 2M08545806+1143034 63.5 + 0.2  -0.30 £ 0.01 -3.18 + 0.05 2.91 + 0.03 0.00 0.00 0.00 NM
NGC 2682 2MO0854589741225409 21.4 £ 0.8 0.11 £+ 0.01 -1.89 4+ 0.05 -43.74 £ 0.03 0.00 -1.00 0.00 NM
NGC 2682 2M08550779+1149247 -18.5 + 0.4  -0.15 + 0.01 0.12 £ 0.75 -11.31 £+ 0.44 0.00 -1.00 0.00 NM
NGC 2682 2M08551636+41148160 -48.0 + 0.4 0.02 £+ 0.01 3.42 4+ 0.18 -28.09 £ 0.11 0.00 -1.00 0.00 NM
NGC 2682 2MO085529724-1144050 54.1 £ 0.1 0.27 £+ 0.01 -22.26 £ 0.60 -62.14 £ 0.47 0.00 -1.00 0.00 NM
NGC 2682 2M08553209+4-1136459 20.1 £ 0.2 0.12 £+ 0.01 -30.35 £ 0.06 23.90 £ 0.04 0.00 -1.00 0.00 NM
NGC 2682 2MO0855485341145185 -28.5 + 0.5 0.02 £+ 0.01 26.16 £ 0.12 -15.86 £ 0.07 0.00 -1.00 0.00 NM
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Appendix C

Table 3.1: OCCAM DR16 Sample -

Basic Parameters — Full Version
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Appendix D

Table 3.2: OCCAM DR16 Sample -

Detailed Chemistry — Full Version
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Appendix E

Figure Set For Figure 2.2
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Figure E.1: Summary for NGC 6791
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Figure E.2: Summary for NGC 6819
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Figure E.3: Summary for NGC 6811
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Figure E.4: Summary for Berkeley 53
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Figure E.14: Summary for Berkeley 71
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Figure E.16

: Summary for King 5
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ABSTRACT

OBSERVABLE CONSTRAINTS ON GALACTIC CHEMICAL EVOLUTION USING
A UNIFORM SAMPLE OF OPEN CLUSTERS

by John R Donor III, 2020
Department of Physics and Astronomy
Texas Christian University

Peter M. Frinchaboy III, Associate Professor of Physics

Models of Galactic evolution are key to our understanding of not just our Galaxy but
galaxies in general. Verifying observable constraints for these models is crucial. Open
clusters are among the best tracers for establishing these constraints as they are reliable
tracers for chemistry and age for which an accurate distance can also be determined.
Previous work using open clusters however has relied on samples constructed from multi-
ple studies, introducing significant uncertainty into any measurements made. We present
methodology for targeting open cluster member stars, and establishing a probability for
their membership within a cluster. Using this criteria, we establish a large, uniform sam-
ple of open clusters leveraging the APOGEE survey. This sample of 128 clusters, 71 of
which we designate “high quality”, is used to measure Galactic abundance gradients in
16 elements. Since our sample covers a wide age range, the evolution of the abundance
gradients over time is also considered. We compare to previous work and a chemical
evolution model, finding reasonable agreement with our results. Finally we discuss open
cluster radial migration, a poorly understood topic, and find agreement with previous

work that open clusters tend to migrate away from the Galactic center.
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