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ABSTRACT

We present 114 trigonometric parallaxes for 107 nearby white dwarf (WD) systems from
both the Cerro Tololo Inter-American Parallax Investigation (CTIOPI) and the U. S. Naval
Observatory Flagstaff Station (NOFS) parallax programs. Of these, 76 parallaxes for 69 systems
were measured by the CTIOPI program and 38 parallaxes for as many systems were measured
by the NOFS program. A total of 50 systems are confirmed to be within the 25 pc horizon of
interest. Coupled with a spectroscopic confirmation of a common proper motion companion to a
Hipparcos star within 25 pc as well as confirmation parallax determinations for two WD systems
included in the recently released Tycho Gaia Astrometric Solution (TGAS) catalog, we add 53
new systems to the 25 pc WD sample — a 42% increase. Our sample presented here includes
four strong candidate halo systems, a new metal-rich DAZ WD, a confirmation of a recently
discovered nearby short-period (P = 2.85 hr) double degenerate, a WD with a new astrometric
perturbation (long period, unconstrained with our data), and a new triple system where the WD
companion main-sequence star has an astrometric perturbation (P ~ 1.6 yr).

Subject headings: astrometry — Galaxy: evolution — solar neighborhood — stars: distances — white
dwarfs
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White dwarfs (WDs) are the remarkably abun-
dant remnants of the vast majority of stars and
serve as reliable tracers for a number of astrophys-
ically interesting topics. We aim to compile a ro-
bust, volume-limited sample of WDs upon which
statistical studies can be performed. For instance,
insight into population membership percentages
(thin disk, thick disk, halo), population ages, and
Galactic star formation history can be ascertained
from the sample as a whole. Individually, a non-
trivial number of WDs are found to be metal-
enriched and are most likely displaying signs of dis-
rupted planetary systems (Farihi et al|2009, and
reference therein). Given that the nearest metal-
enriched WDs are the brightest examples, they can
be more carefully studied. With a volume-limited
sample, one minimizes biases in the WD luminos-
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ity function, mass function, and those introduced
when inferring the number of planetary systems
around WDs.

We present here a compilation of two long-term
astrometric efforts to measure accurate trigono-
metric parallaxes to nearby WDs — the Cerro
Tololo Inter-American Observatory Parallax In-
vestigation (CTIOPI, [Jao et al||[2005) and the
U.S. Naval Observatory Flagstaff Station (NOF'S,
Monet et al.|[1992) parallax program. In total,
76 parallaxes are measured for 69 systems by the
CTIOPI program and 38 parallaxes are measured
for as many systems by the NOFS program, in-
cluding seven systems for which both CTIOPI and
NOFS measured parallaxes. The CTIOPI results
represent all completed parallaxes for WDs on the
program, including those beyond the 25 pc hori-
zon of interest. A subset of the CTIOPI targets
are members of the 15 pc Astrometric Search for
Planets Encircling Nearby Stars (ASPENS, Ko-
erner et al.|2003)) initiative. These targets typi-
cally have ~10+ years of data and will be contin-
ually monitored as long as the program will allow.
The NOFS parallaxes only include those within
the 25 pc horizon of interest. A much larger sam-
ple of WD parallaxes from NOFS at all distances
will be included in an forthcoming publication.

The combined astrometric efforts add 50 WD
systems to the 25 pc sample (27 from CTIOPI,
20 from NOFS, and 3 measured by both pro-
grams). Also, we spectroscopically confirmed a
previously unknown WD companion to a main-
sequence dwarf with a Hipparcos parallax plac-
ing the system within 25 pc. Finally, we con-
firm proximity for two WDs whose trigonometric
parallaxes were also recently determined by the
Tycho Gaia astrometric solution (T'GAS, Linde-
gren et al.2016). Thus, a total of 53 new sys-
tems are added to the 25 pc WD sample that pre-
viously consisted of 126 systems reliably within
that volume — a 42% increase. The complete
sample of WDs within 25 pc can be found at
http://www.DenseProject.com.

2. Observations and Data

2.1. Photometry
2.1.1.  Optical BV RI Photometry

Standardized photometric observations were
carried out at three separate telescopes. The
SMARTS 0.9m telescope at CTIO was used during
CTIOPI observing runs when conditions were pho-
tometric. A Tektronics 2K x 2K detector was used
in region-of-interest mode centered on the central
quarter of the full CCD producing a field of view
(FOV) of 6/8 x 6!/8. The SMARTS 1.0m telescope
at CTIO was used with the Y4KCam 4K x 4K
imager, producing a 19/7 x 19/7 FOV. Finally, the
Ritchey 40-in telescope at USNO Flagstaff Station
was used with a Tektronics 2K x 2K detector with
a 20/0 x 20/0 FOV. Calibration frames (biases,
dome and/or sky flats) were taken nightly and
used to perform basic calibrations of the science
data using standard TRAF packages. Standard
stars from |Graham| (1982) and [Landolt| (1992,
2007, 2013) were taken nightly through a range
of airmasses to calibrate fluxes to the Johnson-
Kron-Cousins system and to calculate extinction
corrections. In general, aperture photometry was
performed on both standard stars and target stars
using a 14" diameter. For crowded fields, faint tar-
gets, and recent observations, once a PSF pipeline
was in place, PSF photometry was conducted us-
ing either the DAOPhot (Stetson||1987) or the
PSFEz (Bertin|2011)) algorithm. A subset of data
were compared using both PSF algorithms and
no significant systematic offset was seen. While
three separate Johnson-Kron-Cousins V RI filter
sets were used between the three telescopes, com-
parisons were made of dozens of CTIOPI targets
mutually observed with all filter sets. Any system-
atic variation inherent in the filter set differences
once standardized is well below our nominal mag-
nitude error of 0.03 mag.

For the CTIOPI program, relative brightnesses
were also recorded for the parallax target (here-
after referred to as the “PI” star) compared to the
astrometric reference field stars in the filter used
for the astrometry as part of the CTIOPI reduc-
tion pipeline. From these data, we gauge whether
the PI star shows any variability. If any of the ref-
erence stars show variability above ~2%, they are
removed from the variability analysis. This anal-
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ysis was not performed for the NOFS targets as it
was not part of the reduction pipeline. Photom-
etry values are given in Table [T} where columns
(1) and (2) give WD and alternate names, re-
spectively. Columns (3-10) give the Johnson BV,
Kron-Cousins RI, and corresponding number of
observations in each filter. Columns (11-14) give
the filter of parallax observations (hereafter re-
ferred to as the parallax filter) and PI star photo-
metric standard deviation in that filter as a gauge
for variability as well as the number of nights and
frames used for the variability analysis. Columns
(15-17) give the JH K, photometry values and cor-
responding errors on the 2MASS photometric sys-
tem. Finally, column (18) contains any notes.

2.1.2. NEWFIRM JHK Photometry

Near-IR JH K, photometry was collected for
WD 0851—246, at the CTIO 4.0-m Blanco tele-
scope using the NOAO Extremely Wide-Field In-
frared Imager (NEWFIRM, [Probst et al.| |2004])
during an engineering night on 2011.27 UT. NEW-
FIRM is a 4K x 4K InSb mosaic that provides
a 28 x 28" FOV on the Blanco telescope. Raw
data were processed using the NEWFIRM science
reduction pipeline and retrieved from the NOAO
science archive as fully processed, stacked images.

Relative photometry was performed using the
2MASS catalog to standardize the images. Frames
were checked to identify where saturation occurs
and comparison stars were selected to have high
signal-to-noise yet below saturation. A total of 68
comparison stars were used for each frame with
2MASS magnitudes ranging from 12.61-14.42
12.24-13.99, and 12.14-13.90 for J, H, and K,
respectively. The NEWFIRM filters are on the
MKO system so the comparison stars were trans-
formed to the MKO system using the methodology
of|Carpenter (QOOI)EI Instrumental PSF photome-
try was extracted using PSFFEx for the comparison
stars and the target. A least-squares fit was used
to determine the offset between instrumental .J
and MKO J. A similar approach was used to
determine the MKO J — H and J — K colors.
Photometry values and errors are listed in Table
and are italicized to distinguish them from other

IThe MKO transformations were not included in |Carpenter
(2001) but were added later and available at http://wuw.
astro.caltech.edu/~jmc/2mass/v3/transformations/.

JH K values on the 2MASS photometric system.

2.1.8.  Catalog Photometry

Additional photometry values were extracted
from the Sloan Digital Sky Survey (SDSS) DR12
(Alam et al.2015), 2MASS, and the UKIRT In-
frared Sky Survey (UKIDSS) DR9 Large Area
Survey, when available. The UKIDSS project
is outlined in [Lawrence et al. (2007). UKIDSS
uses the UKIRT Wide Field Camera (WFCAM,;
Casali et al.[[2007). The photometric system is
described in [Hewett et al.| (2006]), and the cal-
ibration is described in Hodgkin et al. (2009).
The science archive is described in [Hambly et al.
(2008). UKIDSS magnitudes were transformed to
the 2MASS system using the transformations of
Hodgkin et al.| (2009). These transformed values
are listed in Table|l} We do not tabulate the pho-
tometry extracted from SDSS DR12 as those are
readily available via the SDSS archive.

2.2. Spectroscopy

Two WDs presented here (WD 1743—545 and
WD 2057—493) are newly discovered nearby WDs
identified during a spectroscopic survey of WD
candidates in the southern hemisphere (Subasav-
age et al. in preparation) taken from the SU-
PERBLINK catalog (Lépine & Shara|2005). A
third WD included here (WD 2307—691) was pre-
viously unclassified, yet is a common proper mo-
tion companion to a Hipparcos star within 25 pc
(HIP 114416). A fourth WD (WD 2028—171) was
suspected to be a WD by the authors based on
a trawl of the New Luyten Two Tenths (NLTT)
catalog (Luyten/|[1979al). Finally, A fifth WD (WD
1241-798) was first spectroscopically identified as
a WD by [Subasavage et al.| (2008) but with an
ambiguous spectral type of DC/DQ. The SOAR 4-
m telescope with the Goodman spectrograph was
used for spectroscopic follow-up as part of a larger
spectroscopic campaign to identify nearby WDs to
be released in a future publication. Observations
were taken with a 600 lines-per-mm VPH grat-
ing with a 170 slit width to provide 2.1 A reso-
lution in wavelength range of 3600A—6200A. The
slit was rotated to the parallactic angle to pre-
vent any color-differential loss of light. For WD
1241-798, the spectrum was taken during an en-
gineering night and only quartz lamp flats were
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Fig. 1.— SOAR + Goodman confirmation spectra
for newly discovered nearby WDs, WD 2307—691
(DB), WD 1241-798 (DC), WD 2028-—171
(DAZ), WD 2057—493 (DA) and WD 1743—545
(DC). Spectra are normalized at 5200 A and offset
for clarity. Supplemental data file of these spectra
is available in the online journal.

taken. The undulations seen in the spectrum cor-
relate with structure of the quartz lamp and are
thus not real. For these spectra and throughout
this work, we adopt the WD spectral classification
system of |Sion et al,| (1983). In brief, DA WDs
contain Balmer features, DB WDs contain helium
features, DC WDs are featureless, and DZ and DQ
show calcium and carbon features, respectively,
and are devoid of hydrogen and helium features.
If metal features are present as well as hydrogen
and/or helium features, the dominant species is
listed first, i.e., DAZ is a hydrogen-dominant at-
mosphere with traces of calcium. The spectra for
WD 1241-798 (DC), WD 1743-545 (DC), WD
2028—171 (DAZ), WD 2057—493 (DA), and WD
2307—691 (DB), normalized at 5200A, are shown
in Figure [T}

2.3. Astrometry
2.8.1. CTIOPI Astrometry

Trigonometric parallax data acquisition and re-
duction techniques for the CTIOPI program are
discussed fully in |Jao et al.| (2005). In brief, the
instrument setup and basic data calibrations are
identical to those used for photometric observa-

tions (i.e., the SMARTS 0.9m telescope coupled
with the central quarter of a Tektronics 2K x 2K
detector). A parallax target’s reference field is de-
termined upon first observation. We use one of
the Johnson-Kron-Cousins V RI filters, selected to
optimize the signal on the PI star and reference
stars (the parallax filter), as well as to keep expo-
sure times greater than ~30 seconds and less than
~600 seconds, when possible. Rapid variations in
the atmosphere are not “smoothed” out in short
exposures and thus degrade the centroids. Inte-
grations longer than 600 seconds are taxing to the
program as a whole as we typically have ~300-
500 active targets at any given time. In general,
five frames are taken at each epoch for shorter-
exposure targets and three frames per epoch for
600-second-exposure targets. WD 0222—291 (see
Section is one of the faintest targets in the
parallax filter observed during the program and
required ~900 second integrations. In this case,
only two frames per epoch (at most) were taken.

When possible, the PI star is placed as close
to the center of the CCD as possible, to allow
a roughly circular distribution of reference stars
around the PI star. Preference in reference star
selection is given to better exposed (though not
near saturation), isolated stars that are near to
the PI star on the CCD. A minimum of five to ten
reference stars is preferred, up to a maximum of
~20 reference stars that are sufficiently exposed.
Diminishing returns are quickly realized if more
reference stars are used, often because they are
poorly exposed. Exceptions are made for sparse
fields when necessary, typically at the expense of
a slightly degraded parallax solution. Once de-
termined, the pointing to each field is repeated
to better than ~5-10 pixels throughout the du-
ration of the parallax observations to minimize
any CCD distortion effects on the final astromet-
ric solution. Generally, observations are limited to
within an hour angle of 2 hours, with most obser-
vations taken within ~30 minutes of the meridian.

Astrometric reductions for each parallax tar-
get are performed/updated routinely to monitor
progress and identify any problematic datasets.
Centroids for the reference field and PI stars are
determined for all frames in the parallax filter us-
ing SEztractor (Bertin & Arnouts||{1996) outputs
XWIN_IMAGE and YWIN_IMAGE. Corrections
for differential color refraction (DCR) are per-



formed using the V RI photometry of all the refer-
ence stars and PI star. A least-squares reduction
via the Gaussfit program (Jefferys et al.|[1988)) is
performed, assuming the reference star grid has
Ym; = 0 and Xu; = 0, where 7 and p are parallax
and proper motion, respectively. Once a relative
parallax is obtained for the PI star, a correction
to absolute parallax is determined by estimating
photometric distances via the relations of Henry
et al| (2004) to the reference stars (assuming all
are dwarfs).

For three stars, WD 1241—-798, WD 1620—391,
and WD 1917—077, that reside within 20° of the
Galactic Plane and exhibit significantly reddened
fields, we performed a more rigorous calculation
to correct from relative to absolute parallax. The
methodology is discussed fully in Harris et al.
(2016) but in brief, the reddening of the field is
estimated using E(B — V') taken from |Schlafly &
Finkbeiner| (2011)). Near infrared 2MASS photom-
etry is used to determine which reference stars
are likely giants, and the V' — I color is then ad-
justed iteratively as a distance estimate converges
for each reference star, assuming a dwarf or giant.
In the case of WD 1241—798, the correction to ab-
solute parallax is determined to be 1.1 £ 0.3 mas
and for the latter two, the correction is determined
to be 1.6 £ 0.2 mas.

Cracked V' Filter

A complete discussion of the cracked V filter is-
sue can be found in [Subasavage et al.| (2009); here
we give a synopsis. Because of a damaged Tek 2
V filter (referred to as oV') that occurred in early
2005, the CTIOPI program used a comparable V
filter (referred to as nV) from 2005 to mid-2009.
The astrometry is affected by this change because
the passbands were slightly different. It was de-
termined empirically that trigonometric parallax
determinations are sound if at least ~1-2 years of
data are available both before and after the filter
switch. However, subtle signals from a perturb-
ing companion, would not be reliable. In 2009, it
was determined that the crack, near the corner of
the filter did not impact the FOV of the CTIOPI
data, as only the central quarter of the CCD is
used. Thus, a switch back to the original V' (oV)
was completed in mid-2009.

For the targets, particularly in the ASPENS 15

pc sample where we want to probe for subtle as-
trometric signatures in the residuals, the nV data
are omitted from the reductions presented here.
Otherwise, reductions that include both V filter
data are noted in Table Bl In the case of WD
1241—798, no new data were taken after 2009 and
only a year of data were taken with oV prior to
2005. Thus, only the nV data are used to deter-
mine the astrometric results presented here.

2.8.2. NOEFS Astrometry

A thorough discussion of the NOFS astro-
metric reductions can be found in [Monet et al.
(1992) and Dahn et al. (2002) with procedural
updates described in Dahn et al. (2017, in prepa-
ration). Briefly, astrometric data have been col-
lected with the Kaj Strand 61-in Astrometric Re-
flector (Strand, [1964) using three separate CCDs
over the multiple decades that NOFS has mea-
sured stellar parallaxes. Initially, a Texas Instru-
ments (TT) 800 x 800 (TI800) CCD, followed by a
Tektronics 2048 x 2048 (Tek2K) CCD, and most
recently an EEV (English Electric Valve, now e2v)
2048 x 4096 (EEV24) CCD were used. The latter
two cameras are still in operation at NOFS for
astrometric work and were used for all but two of
the NOFS parallaxes presented here. The TI800
CCD was used to measure the parallaxes for WD
02134396 and WD 1313—198. A total of four fil-
ters were used for astrometric work. ST-R (also
known as STWIDER) is described in detail by
Monet et al.|(1992), and is centered near 700 nm
with a FWHM of 250 nm. A2-1 is an optically
flat interference filter centered near 698 nm with a
FWHM of 172 nm. I-2 is an optically flat interfer-
ence filter centered near 810 nm with a FWHM of
191 nm. Z-2 is an optically flat 3 mm thick piece
of Schott RG830 glass that produces a relatively
sharp blue-edge cutoff near 830 nm and for which
the red edge is defined by the CCD sensitivity.
More details on the filters can be found in Dahn
et al. (2017, in preparation).

Reference stars are selected during initial setup,
typically with more selections than required. Cen-
troids for the reference field and PI star occur on-
the-fly as data are collected using the centroiding
algorithm of|[Monet & Dahn|(1983). A comparison
of this algorithm and that of SExtractor as used for
CTIOPI, using several parallax fields, show them
to produce comparable results. Corrections for



DCR were determined based on the V' — I colors
and applied to the PI and reference star centroids
prior to the astrometric solution. An astrometric
solution is then calculated to give relative parallax
and proper motion.

The correction to absolute parallax is deter-
mined using the methodology of Harris et al.
(2016) and the same as that described for the red-
dened cases in the CTIOPI program. Corrections
for most of the targets presented here do not re-
quire the use of 2MASS photometry to determine
reference stars likely giants vs. dwarfs, as redden-
ing is minimial. The correction to absolute for
WD 1821—131 was not determined in this manner
because the |Schlafly & Finkbeiner| (2011)) deter-
mination of E(B — V) = 13.9 for this field and
thus, giant/dwarf differentiation was very unreli-
able. Instead, we adopt a nominal correction with
an inflated error of 1.0 £ 0.3 mas for this target.

3. Astrometry Results

CTIOPI astrometric results for WD systems
(and companions when available) are presented in
Table Columns (4)-(9) list the filter used for
parallax observations, the number of seasons the
PI star was observed, the total number of frames
used in the parallax reduction, the time coverage
of the parallax data, and the number of reference
stars used. The ‘¢’ in column (5) signifies that
the observations were continuous throughout ev-
ery season within the time coverage. The ‘s’ sig-
nifies that observations were scattered such that
there is at least one season with only one night’s
data (or no data for an entire season). In some
cases, mostly because of the cracked V filter prob-
lem discussed in Section the ‘g’ signifies a
significant gap (multiple years) in the observa-
tions. Columns (10)-(12) list the relative parallax,
correction to absolute, and the absolute parallax.
The proper motions and position angles quoted in
columns (13) and (14) are those measured with re-
spect to the reference field (i.e., relative, not cor-
rected for reflex motion due to the Sun’s move-
ment in the Galaxy). The tangential velocities
quoted in column (15) are not corrected for solar
motion. For the ASPENS targets that were pub-
lished by Subasavage et al.| (2009), continual mon-
itoring over the past ~6 years has provided sig-
nificant additional data, and thus the astrometric

results presented here supersede those previously
published. The mean error on the parallax for the
CTIOPI sample is 1.14 mas.

NOFS astrometric results for 25 pc WD sys-
tems are presented in Table Columns (4)-(9)
list the filter used for parallax observations, the
number of nights the PI star was observed, the
total number of frames in the astrometric reduc-
tion, the number of reference stars used, and the
time coverage and length of the parallax data.
Columns (10)-(14) list the relative parallax, cor-
rection to absolute, the absolute parallax, and rel-
ative proper motion and position angle (i.e., not
corrected for solar motion). Also in this case, the
tangential velocities quoted in column (15) are not
corrected for solar motion. Finally, column (16)
denotes which camera was used for parallax ob-
servations. The mean error on the parallax for
the NOFS sample is 0.49 mas, or roughly a factor
of two better than that for CTIOPI. The enhanced
accuracy is attributed to the astrometric optimiza-
tion of the NOFS 61-in Strand Reflector’s optical
design.

In Figure[2] we compare astrometric results with
recently published works for the few overlapping
targets. The error bars represent both programs’
formal parallax errors added in quadrature for a
given target. There are no obvious systematic dif-
ferences with either CTIOPI or NOFS samples.
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CTIOPI are shown as red stars and with NOFS
as blue diamonds.
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For the CTIOPI sample, objects beyond 25 pc are included as red triangles. Objects labeled by WD name
are discussed in Section A representative error bar is encased in the lower right corner of the plot. Error
bars are plotted explicitly for the three objects whose My errors are larger than 0.15 mag. Curves represent
atmospheric model tracks for three values of log g , 7.5 (purple), 8.0 (orange), and 8.5 (green). Solid curves
are pure-H models and the dashed curves are mixed atmosphere He+H models of [Bergeron et al.| (1995),

with improvements discussed in [Tremblay & Bergeron| (2009), with log [He/H] = 2.0. All other reasonable

mixed atmosphere models fall between these two curves of a given log g . For all models other than the
pure-H model at log g = 8.0, curves are plotted for T,g = 7,000K and cooler.

Figure [3] shows a H-R diagram for the astro-
metric samples presented here. Objects labeled
by WD name are discussed in detail in Section
Briefly, we find three WDs (WD 1242—105,
WD 1447—190, and WD 1237—230) that are over-
luminous and good candidates for being unre-
solved multiple systems solely based on luminos-
ity. WD 10084290 is a peculiar He-rich DQ WD
with exceptional Swan band absorption (e.g.,
lammichele et al.|2012) such that the measured V'
magnitude, whose bandpass encompasses a por-
tion of this absorption, is affected and appears
fainter than if the absorption was not present. Fi-

nally, both LHS 2068 (WD 0851—246) and LHS
1402 (WD 0222—291) are very cool WDs that ap-
pear to display collision-induced absorption (CIA)
by H, molecules (Saumon et al|[1994; |Hansen|
[1998; [Saumon & Jacobson||1999). CIA opacity is
induced by collisions, and thus requires high at-
mospheric pressures. High atmospheric pressures
are reached at much higher effective temperatures
in He-rich atmospheres that also contain molecu-
lar hydrogen, because of the relative transparency
of He, than in pure-H atmospheres. Therefore,
CIA manifests itself at higher effective tempera-
tures, and thus higher luminosities. This effect is




shown in Figure [3| compared to the effect of CIA
in pure-H atmospheres. In the case of LHS 2068,
a mixed atmosphere He-+H is required to allow
for CIA to be present at its luminosity (discussed
further in Section . In the case of LHS 1402,
none of the current models compare adequately to
the observed data (also discussed further in Sec-
tion . As expected, the majority of new 25 pc
WD members are cooler and intrinsically dimmer
than their hotter counterparts and often missed in
magnitude-limited surveys.

4. Analysis

4.1. Modeling of Physical Parameters

To better understand the physical nature of
WDs, which expands to provide clues into topics
such as stellar evolution and progenitor popula-
tions, for example, we perform atmospheric mod-
eling analyses of all of our targets. Atmospheric
modeling procedures of the WDs are identical
to those presented in [Subasavage et al.| (2009).
Briefly, optical /near-IR magnitudes are converted
into fluxes using the calibration of [Holberg et al.
(2006) and compared to the spectral energy dis-
tributions (SEDs) predicted by the model atmo-
sphere calculations originally described in |Berg-
eron et al| (1995, and references therein) with
improvements discussed in [Tremblay & Bergeron
(2009). The observed flux, fi*, is related to the
model flux by the equation

[ =4n (R/D)* HY' (1)

where R/D is the ratio of the radius of the star
to its distance from Earth, H{* is the Edding-
ton flux (dependent on T.g, log g , and atmo-
spheric composition) properly averaged over the
corresponding filter bandpass, and 7 is the math-
ematical constant (elsewhere throughout this pa-
per, w refers to the trigonometric parallax an-
gle). Our fitting technique relies on the nonlin-
ear least-squares method of Levenberg-Marquardt
(Press et al.|[1992)), which is based on a steepest
descent method. The value of 2 is taken as the
sum over all bandpasses of the difference between
both sides of Equation (1), weighted by the corre-
sponding photometric uncertainties. Only Tog and
[r(R/D)?) are free parameters (though we allow
log g to vary as described below) and the uncer-
tainties of both parameters are obtained directly
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from the covariance matrix of the fit. The main
atmospheric constituent (hydrogen or helium) is
determined by the presence of Ha from spectra
published in the literature (references listed in Ta-
ble or by comparing fits obtained with both
compositions.

We start with log ¢ = 8.0 and determine T.g
and [r(R/D)?], which combined with the distance
D obtained from the weighted mean trigonometric
parallax measurement yields directly the radius of
the star R. The radius is then converted into
mass using evolutionary models similar to those
described in [Fontaine et al.| (2001)), but with C/O
cores, g(He) = log Myo/M, = 1072 and ¢(H) =
10~* (representative of hydrogen-atmosphere
WDs), and g(He) = 1072 and ¢(H) = 1071 (rep-
resentative of helium-atmosphere WDS)E| In gen-
eral, the log g value obtained from the inferred
mass and radius (g = GM/R?) will be different
from our initial guess of log g = 8.0, and the fit-
ting procedure is thus repeated until an internal
consistency in log g is reached. The parameter un-
certainties are obtained by propagating the error
of the trigonometric parallax measurements into
the fitting procedure.

Physical parameter determinations for the DQ
and DZ WDs are identical to the procedures out-
lined in [Dufour et al. (2005} 2007). Briefly, the
photometric SED provides a first estimate of the
atmospheric parameters with an assumed value of
metal abundances using solar abundance ratios.
The optical spectrum is fit to better constrain the
metal abundances and to improve the atmospheric
parameters from the photometric SED. This pro-
cedure is iterated until a self-consistent photomet-
ric and spectroscopic solution is reached.

Results of the atmospheric modeling are tabu-
lated in Table[d Given the nominal uncertainties,
we round the values for effective temperature and
corresponding error to 10 K. Representative plots
of the model fits of the SEDs are shown in Fig-
ure [4] with the complete set of plots for the entire
sample made available in the online material.

4.2. Comments on Individual Systems

‘WD 0000—345 belongs to an unusual class of
objects whose SEDs are better fit with pure-H at-

see http://www.astro.umontreal.ca/~bergeron/
CoolingModels/\
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Fig. 4.— Representative plots of the model fits to the SEDs where error bars represent measured values
and circles represent model values (filled for pure-H and open for pure-He). Adopted model parameters are
shown in red text in the left panels. Plots of all model fits for the sample are available in the online material.
Among the online plots, note that both WD 0038—226 and WD 0851—246 are fit using mixed-atmosphere
He+H models. All photometric measures that were excluded from the fit are shown as red error bars and
described in Section .2} Model spectra in the right panels are not fits, but merely derived from the adopted
model atmospheres assuming pure-H. Comparisons with measured spectra (black lines), when available, are
shown and serve as consistency checks for the DA WDs and to highlight any anomalies. Fits for DQ and
DZ are plotted separately and, in these cases, spectral fitting is performed as described in Section (4.1

mospheric models, yet show no Balmer spectral classified as a magnetic WD by [Reimers et al|
features. This class was first identified by (1996) and later classified as a DC by [Bergeron
leron et al| (1997) and more recently discussed et al| (1997). Circular polarization studies by
in (Giammichele et al| (2012), who suggest that Schmidt et al.| (2001) show no detectable mag-
strong magnetic fields could be the cause of the netic field, and thus we classify this object as a
discrepancy. In fact, WD 0000—345 was initially DC. We adopt the pure-He atmospheric models



to remain consistent with model choice based on
spectroscopy, where available.

WD 0127-311 was initially classified as a
magnetic WD by Reimers et al.|[(1996) yet circular
polarization studies by [Schmidt et al.| (2001)) show
no detectable magnetic field. While the spectrum
shows what appears to be He I 5876 A, indicative
of a DB, [Schmidt et al.| (2001 argue that other
helium features at 4472 A and 6678 A should be
present for a wide range of temperatures, yet are
absent here. [Schmidt et al.| (2001) suggest the ob-
ject could be a DZ with the Na I D lines (5890 and
5896 A) but the spectral profile seen is asymmet-
ric, unlike what is expected for the Na lines. We
favor the former interpretation and have adopted
a spectral type of DB for this object. Given that
it is a rather cool DB, the He I 5876 A line will
be the last feature seen as the WD cools to a DC
spectral type. In fact, this DB is of a very similar
effective temperature (10,910 K) to the newly dis-
covered DB, WD 2307—691 (also 10,910 K), whose
spectrum is shown in Figure [1] and also displays a
prominent He I 5876 A feature and little else.

WD 0222-291 was first discovered to be a
high proper motion star by [Luyten & La Bonte
(1972) (LP 885—57; LHS 1402, Luyten| 1979bj)
with © = 0.501 " yr—'at position angle 96.3°. It
was later observed spectroscopically by |Oppen-
heimer et al.| (2001) and found to be a featureless
ultracool WD with strong infrared CIA that ex-
tends into the optical bandpasses, thereby giving
it significantly blue optical colors. |Oppenheimer
et al.| (2001) postulated that WD 0222—291 was
direct evidence of galactic halo dark matter (based
on kinematics) along with the other 37 WDs pre-
sented in that publication. The claim of these ob-
jects being halo members was contested based on
the relatively young ages of these systems (Berg-
eron| [2003). However, there remained an ambi-
guity with WD 0222—291 as to whether the CTA
was due to collisions with hydrogen molecules only
(pure-H atmosphere) or due to collisions with neu-
tral helium (mixed atmosphere He+H) that can
produce comparable CIA at higher temperatures.
The difference in luminosity between the two sce-
narios is significant. If a pure-H atmosphere is
assumed, WD 0222—291 would be one of the near-
est WDs to the Sun at 4.7 pc (Bergeron|2003)). If
the atmosphere is dominated by helium with only
trace amounts of hydrogen, then WD 0222—-291
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is considerably more distant at 20 - 25 pc (Salim
et al.||2004; Bergeron et al|2005)). The latter sce-
nario was preferred because the spectrum did not
exhibit a broad absorption feature near 8000 A as
expected in pure-H models (see Figure 5 of |Berg-
eron et al.[2005).

Here we confirm, with our trigonometric dis-
tance of 34.6 £ 3.5 pc, that WD 0222—291 is
indeed more consistent with a helium-dominant
atmosphere with the CIA being due to trace
amounts of hydrogen in this mixed atmosphere.
However, we do not arrive at a satisfactory fit
using any of the currently available models. The
object is overluminous compared to predictions
and, thus, could be a double degenerate or the
current models are inadequate (or both). There-
fore, we refrain from listing any physical parame-
ters for this WD. In that regard, WD 0222—291
can serve as an important empirical test case for
future atmospheric models.

We note that our parallax error is uncharacter-
istically large and we attribute this to three causes.
First, this object is exceptionally faint so that the
signal-to-noise of our CTIO 0.9m astrometry im-
ages is quite low. Second, long integration times
(~15 minutes per frame, on occasion), produced
images with less-than-circular contours because of
imperfect guiding. Third, fewer frames were col-
lected because of the costly integration times and
their impact on the rest of the parallax program.
Nonetheless, the parallax result shows no indica-
tion of systematics resulting from these effects and
the error is slightly better than 10% of the parallax
measured. Indeed, over the 6+ years that parallax
data were collected, the parallax value stabilized
such that new data did not change the result, in-
dicative of a robust determination.

WD 0311-649 was classified as a DA by [Sub-
asavage et al. (2008) for which they estimated a
distance of 21.0 pc. The trigonometric parallax
presented here implies a significantly greater dis-
tance such that the implied mass, assuming a sin-
gle star, is remarkably low. This object is likely
an unresolved double degenerate.

WD 0322-019 is shown by |Zuckerman et al.
(2003) to be a double degenerate where both com-
ponents show metal lines and are thus DAZ spec-
tral types. In addition, |Farihi et al.| (2011]) identify
a magnetic field of ~120 kG and model the system
using a preliminary parallax from USNO of 58.02



+ 0.44 mas. The updated parallax presented here,
which includes several years of additional data, is
entirely consistent.

WD 0326—273 was confirmed by |Zuckerman
et al.| (2003) to be a double degenerate based on
radial velocity variations of Hj3. In addition, they
find Ca II lines, but attribute the source as being
interstellar given the discrepant radial velocities
compared to Hpf.

WD 0552—041 is a weak DZ. However, as dis-
cussed in |Giammichele et al.| (2012, the sharp Ca
II H & K lines indicate a hydrogen-rich atmo-
sphere. If the atmosphere were helium-rich, the
atmospheric pressure would be greater, and thus
the Ca II line profiles would be much broader and
shallower. Therefore, we utilize a pure-H model to
derive the physical parameters in Table [4]

WD 08024387 has a recent trigonometric
parallax determination by |Gianninas et al.| (2015)
of 47.6 & 1.0 mas. Thus, their measure adds this
target to the 25 pc sample, bringing the number
of reliable member systems to 126 prior to this
work. Our trigonometric parallax presented here
is entirely consistent and is included in our num-
ber counts as an updated measure. The weighted
mean of these two measures is used to calculate
physical parameters shown in Table [4]

WD 0851—-246 was first discovered to be a
high proper motion star by |[Luyten| (1974) (LP
844—26; LHS 2068, [Luyten!1979b) with 1 = 07630
yr~! at position angle 78.0°. It has a common
proper motion companion (LHS 2067) whose spec-
tral type is listed as sdM in [Kirkpatrick et al.
(1995). The WD component was first spectroscop-
ically identified by Ruiz & Bergeron| (2001)), named
CE 51 by those authors, during a follow-up spec-
troscopic campaign targeting proper motion ob-
jects detected in the Caldn-ESO survey (Ruiz et
al.|2001). They determine that the WD is very
cool (2730 K), old (11.9 Gyr), and nearby (14.7 +
0.3 pc). [Silvestri et al.| (2002)) conducted a radial
velocity survey of wide binaries with WD compo-
nents, including this system, and found a Vi,q =
0.0 £ 15.8 km/sec for the sdM. Based on the WD’s
location in the H-R digram (Figure |3, it is ex-
pected that CIA is present and likely results from
collisions with molecular helium, thus, is a mixed
atmosphere He+H. The physical parameters pre-
sented in Table Ml are derived from a mixed at-
mosphere model with the fit shown in Figure
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This is the coolest WD presented here for which
we were able to derive reliable atmospheric param-
eters. Notably, the mixed atmosphere fit results in
a significantly higher Tog (3490 K) than that found
by |Ruiz & Bergeron| (2001)).

Additionally, |Kilic et al.| (2009) observed this
system with Spitzer in the IRAC bandpasses, but
stated that contamination from a nearby bright
star makes the photometry questionable. As dis-
cussed in Section we obtained JHK, pho-
tometry using NEWFIRM on the CTIO Blanco
4-m. The SED clearly shows excess in the near-
IR indicative of a cool, very red tertiary compan-
ion. Follow-up observations, in particular, near-IR
spectroscopy, are required to characterize the ter-
tiary companion. The mixed atmosphere fit shown
in Figure [4] excludes the JHK, values; the opti-
cal magnitudes are not affected by this very red
unseen companion.

WD 1008+290 is a peculiar DQ WD with
exceptional Swan band absorption such that the
measured V' magnitude, whose bandpass encom-
passes a portion of this absorption, is affected
and appears fainter than if the absorption was not
present. Additionally, the V' — I color is inflated
for the same reason resulting in the WD’s displace-
ment in Figure |3l We adopt a pure-He model at-
mosphere simply because there was no satisfactory
agreement with the SED, regardless of model used;
thus, the atmospheric parameters are likely unre-
liable.

WD 1036—204 is another peculiar DQ WD
with exceptional Swan band absorption. We adopt
a pure-He model atmosphere simply because there
was no satisfactory agreement with the SED, re-
gardless of model used, thus, the atmospheric pa-
rameters are likely unreliable.

WD 1237—-230 was first discovered to be a
high proper motion star by |[Luyten| (1972) (LP
853—15; LHS 339, [Luyten 1979b) with p =
1.102” yr~'at position angle 219.9°. It was first
classified as a DA WD by |Liebert & Strittmatter
(1977). [Subasavage et al.| (2007) obtained optical
V RI photometry and combined it with JHKg
from 2MASS to model the SED and derive physi-
cal parameters. One significant discrepancy is the
distance estimate derived (26.9 + 4.5 pc) com-
pared to the trigonometric distance determined in
this work (39.4 + 3.6 pc). The recent spectro-
scopic analysis of [Kawka & Vennes| (2012) showed



this object to be a single-lined binary, and they
identify this object to be a candidate halo WD
based on the estimated distance. Our trigonomet-
ric parallax further strengthens the case for halo
membership, as it has an extreme tangential ve-
locity of 202.4 km sec™!. We see no evidence for
photocentric motion in the astrometric dataset,
leaving open two possibilities: (1) a system with
two roughly equal-mass, equal luminosity compo-
nents, or (2) a system with a period short enough
(P < 1 year) to evade detection in our astrometric
data. Given the overluminosity in the optical (see
Figure|3)), such that the components are of similar
brightnesses, coupled with the single-lined radial
velocity variation, the system is likely composed
of a DA and a non-DA pair of WDs.

WD 1241-798 was classified as a DQ/DC
by |Subasavage et al.| (2008]) without further ex-
planation. The ambiguous spectral classification
arises because the authors obtained a red spec-
trum from the Blanco 4-m at CTIO using the R-C
Spectrograph. With a blue cutoff of ~5500 A,
no sharp features were present, yet there were de-
pressions very close to where the Cs Swan bands
are expected but the detection is marginal. To
remove this discrepancy, we acquired a confirma-
tion spectrum using SOAR + Goodman during
an engineering night on 2017.28 UT and as de-
scribed in Section While undulations exist
in the spectrum, they correlate with the internal
quartz lamp used for flat fielding such that this
object is of spectral type DC as shown in Figure
This object is similar to WD 0000—345 in that
a pure-H model better fits the SED over a pure-
He model, yet no Balmer features are seen in the
spectrum. Thus, we use a pure-He atmospheric
model to characterize this object.

WD 1242—-105 was first classified as a hot
subdwarf (sdB) by Kilkenny et al.| (1988) and later
identified as a DA WD by [Vennes & Kawka (2003)
who estimated a photometric distance of 18 + 4
pc. It was then placed on the parallax program to
confirm proximity. With a trigonometric parallax
distance of 41.173°5% pc, we suspected this object
to be an unresolved double star.

During a spectroscopic campaign using the
SOAR telescope with the Goodman spectrograph
briefly described in Section we were assisting
with the commissioning of a 2100 lines-per-mm
VPH grating and chose to observe this object
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Fig. 5— SOAR + Goodman stacked spectra for
WD 1242—105 (top panel) and the calibrator star
(bottom panel). The dashed vertical line denotes
the location of HB. These spectra cover roughly
half of the orbital period of WD 1242—105.

as a test case. The observations were taken on
2011 July 22 and a slit width of 0784 was used
to optimize spectral resolution and throughput.
Spectral coverage was 3700—4400 A with a spec-
tral resolution of 0.8 A pixel~!. The long slit
was oriented so that a bright calibrator (2MASS
J12445203-1049037) was also in the slit to serve as
a check for any wavelength calibration systematic
uncertainties (though it was not known a priori
if this calibrator was radial velocity stable). The
targets were observed for ~2 hours, taking re-
peated exposures of 150 seconds each. After every
seven exposures, arc lamps were taken to ensure
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Fig. 6.— Trailed spectrogram of the Gemini-

South + GMOS data for WD 1242—105 around
the Ha region (left panel) as well as a noiseless
model spectrogram using our derived radial veloc-
ity solution (right panel).

accurate wavelength calibration. Spectroscopic
reductions were performed using standard IRAF
routines in the Specred package. Once wavelength
calibration was performed on each spectrum (us-
ing the arc lamp taken closest in time), each block
of seven spectra was stacked to increase S/N, thus
resulting in a cadence of roughly 25 minutes. For
consistency, the calibrator spectra were stacked in
an identical manner. See Figure [5

Once it was evident that the system was
a double-lined double degenerate with rapidly
changing relative velocities, we requested the use
of the Gemini Multi-Object Spectrograph-South
(GMOS-S) to better characterize the orbital pe-
riod. Spectroscopic data were taken on 2012.31
UT using the R831.G5323 grating, centered at
6720 A, with a slit width of 0725. We opted for
a central wavelength somewhat distant from the
targeted Ha absorption line at 6563 A because the
GMOS-S central detector suffered from a bad col-
umn just blueward of center (since been replaced).
With a full wavelength coverage of 5540—7640
A and a ~700 A span within each detector, the
Ha region was amply sampled within the central
detector (to avoid the gaps between detectors).
The observing sequence consisted of a target ac-
quisition on the slit followed by a block of five
spectroscopic observations, each of 300 seconds
integration. This block of five exposures, followed
by an arc lamp, was repeated four times. Then, a
re-acquisition was performed to ensure the target
was centered in the narrow slit and the observing
sequence was repeated. The observations span
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Fig. 7.— Component radial velocity curves for
WD 1242—105 as a function of time. Open circles
and filled circles correspond to measures for the
more massive component and less massive com-
ponent, respectively. The horizontal dashed lines
represent the v values with the difference between
the two being a result of differing gravitational
redshifts. Supplemental data file of these radial
velocity measurements is available in the online
journal.

nearly four continuous hours and resulted in 40
science spectra. Data were reduced using the ex-
ternal IRAF package Gemini Version 1.11 and,
in particular, the suite of routines in the GMOS
subpackage. Science spectra were wavelength cal-
ibrated with the arc lamp taken nearest in time
to the science spectra.

Spectral line fitting was performed as follows.
The Ha absorption lines were fit at maximum
separation using pseudo—Gaussian profiles to de-
termine individual profile shapes (line depths and
widths). The profile shape was then fixed and ap-
plied to all other spectra with the only free param-
eter being the pseudo—Gaussian centroid. Syn-
thetic Ha spectra were then created using these
best-fitting models, with the same resolution, to
generate the noiseless model trailed spectrogram
and compared to the data as shown in Figure 6]

These data, once fitted, revealed a double de-
generate with a 2.85-hour period. The component
radial velocity curves as a function of time are
displayed in Figure [7] The differences in the ap-
parent systemic velocities for each component are
because of differences in component gravitational



redshifts. The vital parameters for this system are
summarized in Table [5| and agree very well with
those determined by [Debes et al.| (2015]), as does
our parallax determination compared to those au-
thors’ trigonometric parallax.

WD 1314—153 was shown to be, most likely, a
young halo WD by [Kawka & Vennes| (2012) based
on kinematics that include radial velocity mea-
surements as well as tangential motions assuming
a distance of 58 pc. Our trigonometric parallax
distance of 58.1 pc is entirely consistent with their
distance estimate and the space motions are con-
firmed.

WD 1339—-340 was shown to be a strong halo
candidate with a nearly polar Galactic orbital mo-
tion by [Lépine et al.|(2005). They estimate a dis-
tance of 18 pc for their analysis, entirely consis-
tent with our trigonometric parallax distance of
21.0 pc. With a Vian = 255.0 km sec™!, this ob-
ject has the largest tangential velocity of the 25
pc WD sample. Thus, space motions and strong
halo candidacy are confirmed.

WD 1447-190 was first spectroscopically
identified as a DA WD by Kawka & Vennes| (2006]).
The photometric distance estimate of 29.1 + 4.9
pc (Subasavage et al. 2007 is significantly dis-
crepant from its trigonometric parallax distance
of 47.4 4+ 2.0 pc. Thus, we expected this system to
be an unresolved double degenerate and it served
as a second target for the commissioning of the
SOAR + Goodman spectrograph using the 2100
lines-per-mm VPH grating. It was observed on
three separate nights; 19 July 2011, 22 July 2011,
and 6 September 2011. The instrument setup is
similar to that used for the observations of WD
1242—105 and has the same wavelength cover-
age. The first two nights of observations used a
0”784 slit width with the slit oriented such that
a brighter star, 2MASS J14500516-1912509, was
also included in the slit to act as a calibrator. The
observing sequence for the first two nights con-
sisted of four 300 second integrations followed by
an arc lamp as a single block of exposures. This
sequence was repeated eight, and seven times,
respectively, for the first two nights. The data
showed no short-period variations over the course
of each night so all data for a night were stacked
into a single spectrum (see Figure top two spec-
tra in each panel). The third night’s data set was
smaller as these observations were taken between
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Fig. 8— SOAR + Goodman stacked spectra for
WD 1447—-190 (top panel) and the calibrator star
(bottom panel). The dashed vertical line denotes
the location of Hf.

core commissioning tasks. The instrument setup
consisted of a (/46 wide slit oriented to include
the same calibrator star. Pairs of 600 second ex-
posures were taken followed by an arc lamp. This
sequence was repeated twice. All data from this
night were stacked into a single spectrum though
are noisier than the previous two nights’ spectra.

A clear single-lined radial velocity variation is
seen in the WD and is shown in Figure 8] The
period is unconstrained with these data but the
multiplicity is confirmed. We hope to obtain spec-
troscopic follow-up and better characterize the or-
bital parameters of this system.

WD 1814+134 was first discovered by the SU-
PERBLINK survey as a high proper motion star
(u = 17207 yr=1, |Lépine et al|[2002) and later
spectroscopically classified as a DA10 (Lépine et
al. 2003)). A trigonometric parallax of 70.3 £ 1.2
mas was measured by |Lépine et al.| (2009) from
data taken between 2005.48 and 2007.72. The
NOFS trigonometric parallax (presented here) of
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Fig. 9.— CTIOPI nightly mean astrometric resid-
uals of WD 18144134, once parallax and proper
motion are removed, that show a long-period as-
trometric perturbation.

66.05 £ 0.28 mas was measured from data taken
between 2008.29 and 2012.47 and only marginally
agrees with the previous trigonometric parallax at
the 3-0 level. A third trigonometric parallax of
68.25 + 0.96 mas was measured by CTIOPI (also
presented here) and includes data taken between
2003.52 and 2015.40, albeit with a gap from 2005
to 2010 because of the different V filter used (see
Section. The CTIOPI dataset shows a clear,
long-period astrometric perturbation, largely in
the right ascension axis, though notable in the
declination axis at the earliest epochs (see Fig-
ure @ This perturbation is likely the cause
for the discrepant parallax determinations from
data acquired during different phases of the or-
bit. This target remains on the CTIOPI program,
and has been re-added to the NOFS astrometric
program to better characterize the perturbation.
A weighted mean parallax using all three measures
has been adopted for the analysis. Given that the
trigonometric distance is entirely consistent with
atmospheric modeled distance estimates for a sin-
gle WD (e.g., Lépine et al. 2003} |Subasavage et al.
2007), and there is no noticeable near-IR excess,
the companion is likely to be very low-luminosity.

WD 2028-171 is a newly discovered nearby
WD that was targeted for spectroscopic followup
based on a trawl of the NLTT Catalog. As dis-
cussed in Section we obtained an optical spec-
trum of this object and find it to show Ca IT H
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& K lines (DAZ) indicative of metal pollution by
recent /ongoing accretion. Follow-up observations
are necessary to better characterize this candidate
remnant planetary system.

WD 2057—-493 is a newly discovered nearby
WD using the SUPERBLINK database and dis-
cussed in Section [2.2] It is also a common proper
motion companion to red dwarf WT 766 (p = 64”3
at P.A. 340.3°, epoch = 2015.55951 — measured
from CTIOPI astrometry frames) for which an in-
dependent trigonometric parallax was measured
via CTIOPI. WT 766 shows a clear astrometric
perturbation in the residuals consistent with a pe-
riod of less than two years. The residuals were fit
to an orbital model, and while most orbital pa-
rameters (e.g., eccentricity, semi-major axis) are
poorly constrained with an orbital inclination near
90°, the period was well determined to be 1.648
4 0.018 years. The orbital fit is plotted over the
residuals in Figure[L0]and removed from the astro-
metric analysis to enable a refined trigonometric
parallax. The parallax determinations for WT 766
and WD 2057—493 agree very well, and thus this
is a new triple system within 15 pc.

WD 2159-754 is flagged as an ultramassive
WD by [Kawka et al.| (2007)) with a mass of 1.17
M. They assume a distance of 14 pc for their
analysis. Our trigonometric parallax distance of
19.9 pc results in a slightly lower mass (though
still massive) of 0.97 M.

WD 2226—754AB is a widely separated dou-
ble degenerate pair consisting of two cool, fea-
tureless DC WDs, originally discovered by [Scholz
et al.| (2002). While the tangential velocity of
this pair at ~135 km sec™! is only marginally
consistent with halo kinematics, the calculated
space motion (assuming zero tangential velocity as
none has been measured) is more convincing with
V ~ —112 km sec™! (positive in the direction of
Galactic rotation). Coupled with the WD cool-
ing ages and masses for each component (A: ~6.5
Gyr and 0.50 Mg; B: ~7.4 Gyr and 0.51 Mg),
we nominally classify this system as a strong halo
candidate.

WD 2307-691 is a common proper mo-
tion companion, found at J2000 coordinates
23:10:22.96 -68:50:20.2 (epoch 2011.6966) to HIP
114416 (GJ 1280, LTT 9387), yet has not been
characterized in the literature. It was brought to
the authors’ attention by Brian Skiff (private com-
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Fig. 10.— Nightly mean astrometric residual plots
for WT 766, a common proper motion companion
to WD 2057—493. The upper panel (a) shows the
raw residuals and the best-fit orbital solution while
the lower panel (b) shows the residuals once the or-
bital solution is applied. In both plots, the open
circles represent data for which only one frame was
taken on that night. The astrometric solution pre-
sented in Table Pl for WT 766 accounts for the or-
bital solution.

munication) as a blue companion to a Hipparcos
star within 25 pc. We note that the recent work of
Holberg et al.| (2016) has also identified this object
as a WD based on its colors but does not have a
spectrum and instead assumes it to be a DA WD.
We obtained an identification spectrum with the
SOAR + Goodman spectrograph as described in
Section The spectrum, shown in Figure [T} in-
dicates the object is a relatively cool DB WD and
its companion distance via Hipparcos & TGAS of
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21.1 £+ 0.1 pc is adopted for this WD making it a
new member of the 25 pc WD sample.

WD 23264049, better known as G29—38, is a
variable ZZ Ceti WD (Shulov & Kopatskayal1974])
with significant IR excess (Zuckerman & Becklin
1987) and one of the first WDs found with metal
pollution (Koester et al.[[1997). Thus, the spectral
classification is DAZV. The previous trigonomet-
ric parallax from YPC of 73.4 + 4.0 mas is sig-
nificantly larger than our measure of 56.83 4 0.39
mas. This distance discrepancy will have an im-
pact on the implied surface gravity and, thus, on
settling times for the accreted metals. The abun-
dance analysis performed by | Xu et al.| (2014) notes
that the implied surface gravity of 8.4 dex from the
previous parallax measurement produced inconsis-
tent model spectroscopic line profiles from those
observed, suggesting that a lower surface gravity
is likely. Indeed, our updated parallax suggests
a log g = 8.00 & 0.03. Because the IR excess
affects the near-IR. H K, photometry, these mea-
sures have been excluded from the model fit.

5. Discussion

5.1. 25 pc White Dwarf Sample

Prior to the CTIOPI effort to obtain a volume-
limited sample of WDs within 25 pc, whose first
WD results were published in 2009 (Subasavage
et al.[|2009)), a total of 112 systems, of which 99
had robust trigonometric parallax determinations
(i.e., better than 10%), were known. The contribu-
tions to the 25 pc sample, both prior to 2009 and
since, are tabulated in Table[6 Prior to this work,
the 25 pc WD sample consisted of 137 systems,
of which 126 systems have robust trigonometric
parallax determinations. The trigonometric paral-
laxes presented in this work consist of 23 new sys-
tems from CTIOPI, 19 new systems from NOFS,
one new system measured by both programs, as
well as seven of the eleven systems with poor pre-
vious trigonometric parallax determinations, i.e.,
worse than 10%. Two additional systems, one
new (WD 0148+641) and one with a poor previ-
ous parallax determination (WD 2117+539), have
parallax determinations from NOFS and are also
included in the recently published TGAS cata-
log with measurements confirming 25 pc sample
membership. Finally, we spectroscopically con-
firm that WD 2307—691 is a WD companion to
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Fig. 11.— Cumulative distribution plot for the 25
pc WD sample. New additions presented in this
work are highlighted by sub-sample as shown in
the legend. The black points represent the 25 pc
WD sample prior to 2009 and serve as an indicator
of the progress made since. The numbers to the
right of the curves (99, 179 and 297) represent the
number of systems at 25 pc prior to 2009, now,
and that expected at 25 pc, respectively, indicat-
ing ~40% incompleteness currently. The “kink”
described in Section 5] is identified with an ar-
row.

HIP 114416, with a Hipparcos+TGAS trigonomet-
ric parallax distance of 21.0 + 0.1 pc. The fi-
nal number of members added by this work is 53
systems, thereby increasing the sample complete-
ness by 42% to 179 systems. The measured lo-
cal WD density is then 2.7 x 1072 pc™3 based
on this sample. This value is considerably lower
than that found by Holberg et al.| (2016) of 4.8
x 1073 pc3, because those authors include the
expected incompleteness based on a complete 13
pc sample. As shown in Figure assuming a
constant density and that all WD systems within
10 pc are known, we expect this sample to be
incomplete at the ~40% level even after the ad-
dition of the new members presented here. Ac-
counting for this expected incompleteness, we ar-
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rive at an expected local WD density of 4.5 X
10~3 pc~3, very similar to that found by [Holberg
et al.| (2016). Another curiosity seen in the fig-
ure is the “kink” in observed systems around 15
pc, thus implying a dearth of WD systems at that
distance. While a few new systems were found
at and within that distance, pure incompleteness
from single field WDs is not likely a significant fac-
tor. There is the possibility that new WD systems
will be identified as companions to bright main-
sequence primaries (the so-called “Sirius-like” sys-
tems) that may reduce the dearth.

Gaia is a cornerstone mission in the science
programme of the European Space Agency (ESA)
that will deliver unprecedented astrometric accu-
racy for one billion stars in the Milky Way. A
description of the mission is given by |Gaia Collab-
oration et al.|(2016b)). While Gaia will effectively
complete the 25 pc WD sample and beyond (Sil-
votti et al.[2015] estimates effective WD complete-
ness by Gaia out to ~55 pc), the DRI released in
2016 (Gaia Collaboration et al.|[2016a)) only in-
cludes trigonometric parallaxes for Hipparcos and
Tycho stars and thus, did not contain new sample
members beyond the two mentioned above.

5.2. Sky Distribution

Traditionally, the southern hemisphere has
been undersampled relative to the north simply
because there are more observing assets in the
north. In particular, as nearby stars tend to be
identified via proper motion surveys, it is only
recently that proper motion surveys in the south
(e.g.,|Lépine & Shara/2005; Boyd et al.|2011)) have
pushed to sufficiently low proper motions to better
identify nearby, slow movers. With the samples
presented here, we have effectively removed the
bias towards northern targets (see Table 7)) as
there are now almost identical numbers, 90 and
89 in the northern and southern hemispheres, re-
spectively. An Aitoff projection of the 25 pc WD
sky distribution is shown in Figure

6. Conclusions

With respect to individual systems presented
here, we find four that are very strong halo candi-
dates (WD 1237—230, V;an = 202.4 km sec™!; WD
1314—153, Vian = 191.7 km sec™!; WD 1339—340,
Vian = 255.0 km sec™!; and WD 2226—754AB,
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Fig. 12.— Aitoff projection of the 25 pc WD sample. The curve represents the Galactic Plane. Previously
known WD systems (small gray circles) and updates (large filled circles) are shown. New additions from
CTIOPI (red stars), NOFS (blue diamonds), both programs (green squares), as well as the lone Hipparcos
companion (cyan pentagon) are also shown. Note that the two systems measured by the Gaia TGAS survey
are included in the NOFS sample for which parallaxes were confirmed.

Vian = 135.3 km sec’l) based on kinematics alone
and they often have other supporting evidence col-
lected by other researchers. Two of these systems
are mere interlopers that happen to be within the
25 pc volume at present (WD 1339—340 and WD
2226—754AB). As discussed in Section WD
1237—230 is an unresolved double degenerate so
our mass estimate is incorrect. For the three other
halo candidates, the masses are entirely consistent
with old total ages, i.e., when the main-sequence
progenitor lifetimes are taken into account (see
Bergeron et al.|2005, their Figure 9) expected for
halo membership.

We find two very cool WDs that display
CIA such that they appear relatively blue (WD
0222—291 and WD 0851—246). Additionally,
near-IR photometry collected during this effort
shows WD 0851—246 to have excess in JHKg
suggesting a red unseen companion to the WD
which is, itself, a common proper motion compan-
ion to a widely separated cool, old subdwarf.

We spectroscopically identify a metal-rich DAZ
WD (WD 2028—171) and confirm it to be within
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the 25 pc volume. Follow-up observations will en-
able a thorough analysis of this remnant planetary
system signature.

Our sample contains at least three systems
that appear overluminous (WD 1237—230, WD
1242—105, and WD 1447—190) and, thus, are
likely unresolved multiples. We conducted follow-

up spectroscopic observations for two (WD 1242—105

and WD 1447—190) and find that WD 1242—105
is a short-period double degenerate, confirming
the independent work of Debes et al.| (2015, and
that WD 1447—190 is a single-lined spectroscopic
binary with a radial velocity variation over a few
days, but have not constrained the orbit. Radial
velocity work by [Kawka & Vennes| (2012)) confirms
that WD 1237—230 is a single-lined binary. Two
WDs are marginally overluminous (WD 0233—242
and WD 1817—598); however, they are both spec-
troscopically featureless DC WDs that prohibit
radial velocity analyses for confirmation. We see
no astrometric perturbations for either of these
two systems.

Two of our objects do show astrometric pertur-



bations. WD 18144134 shows a long-period resid-
ual that has gone unrecognized in short baseline
astrometric datasets but is visible from the ~13-
year baseline of the CTIOPI astrometric data.
WD 2057—493 is a newly identified nearby WD
that we spectroscopically identified in this work
and has a main-sequence common proper motion
companion (likely an early M-dwarf though no
spectral confirmation was acquired). Astromet-
ric data were collected on both members of the
system and the main-sequence star shows a clear
astrometric perturbation with a period of 1.648
years. The astrometric dataset encompasses ~3
full periods and, given that the astrometric so-
lution for the WD companion used an identical
reference field and shows flat residuals, the per-
turbation detection is robust.

Of the 107 systems whose trigonometric par-
allaxes are presented here, 50 are new members
of the 25 pc WD sample. In addition, two sys-
tems (WD 0148+641 and WD 2117+539) have re-
cently determined trigonometric parallaxes from
the TGAS catalog with which our trigonometric
parallaxes agree and confirm sample membership.
Finally, we spectroscopically confirmed a newly
identified WD companion (WD 2307—691) to Hip-
parcos star HIP 114416 with a trigonometric par-
allax within 25 pc that we adopt for the WD com-
panion. Thus, a total of 53 new 25 pc WD systems
have been added to a sample of 126 prior systems
with robust distance determinations resulting in
a 42% increase. Between the CTIOPI and NOFS
parallax programs overall, a total of 70 new WD
systems have been added to the 25 pc WD sam-
ple — a 64% increase to the sample. It is expected
that Gaia will largely complete this sample upon
release of its final catalog (if not in one of the
early data releases), save for, perhaps, in regions
near the Galactic plane where crowding will cause
greater incompleteness. This 25 pc sample rep-
resents the pre-Gaia collection of knowledge for
the sample and will serve to clearly demonstrate
the (most likely) significant contribution that Gaia
will make in this arena.

We would like to thank the referee for a num-
ber of comments and suggestions that have clar-
ified several points. We thank the members of
the SMARTS Consortium, who enable the oper-
ations of the small telescopes at CTIO, as well

19

as the observer support at CTIO, specifically
Edgardo Cosgrove, Arturo Gomez, Alberto Mi-
randa, and Joselino Vasquez. We thank Nicole
van der Bliek, Andrea Kunder, and Ron Probst
for their assistance with the NEWFIRM dataset.
We thank the observer support at NOFS, specif-
ically Michael DiVittorio, Fred Harris, Albert
Rhodes, and Michael Schultheis. Additionally, we
thank the individuals that have assisted with the
NOFS parallax program’s observations over the
many years of operation, including Blaise Canzian,
Harry Guetter, Stephen Levine, Christian Lugin-
buhl, Jeff Munn, and Trudy Tilleman.

The RECONS team wishes to thank the NSF
(grants AST 05—07711, AST 09—08402, and AST
14—12026) and GSU for their continued support
in our study of nearby stars. P. B. and P. D. wish
to acknowledge the support of NSERC Canada as
well as the the Fund FRQNT (Québec).

Based on observations (GS-2012A-Q-36) ob-
tained at the Gemini Observatory, acquired
through the Gemini Science Archive and processed
using the Gemini IRAF package, which is operated
by the Association of Universities for Research in
Astronomy, Inc., under a cooperative agreement
with the NSF on behalf of the Gemini partnership:
the National Science Foundation (United States),
the National Research Council (Canada), CON-
ICYT (Chile), Ministerio de Ciencia, Tecnologia
e Innovacién Productiva (Argentina), and Min-
istério da Ciéncia, Tecnologia e Inovagéo (Brazil).

Based on observations obtained at the Southern
Astrophysical Research (SOAR) telescope, which
is a joint project of the Ministério da Ciéncia,
Tecnologia, e Inovacao (MCTI) da Reptiblica Fed-
erativa do Brasil, the U.S. National Optical As-
tronomy Observatory (NOAQO), the University of
North Carolina at Chapel Hill (UNC), and Michi-
gan State University (MSU).

This publication makes use of data products
from the Two Micron All Sky Survey, which is a
joint project of the University of Massachusetts
and the Infrared Processing and Analysis Cen-
ter /California Institute of Technology, funded by
the National Aeronautics and Space Administra-
tion and the National Science Foundation.

This work has made use of data from the
European Space Agency (ESA) mission Gaia
(http://www.cosmos.esa.int/gaia), processed


http://www.cosmos.esa.int/gaia

by the Gaia Data Processing and Analysis Con-
sortium (DPAC, http://www.cosmos.esa.int/
web/gaia/dpac/consortium). Funding for the
DPAC has been provided by national institutions,
in particular the institutions participating in the
Gaia Multilateral Agreement.

Funding for SDSS-IIT has been provided by the
Alfred P. Sloan Foundation, the Participating In-
stitutions, the National Science Foundation, and
the U.S. Department of Energy Office of Science.
The SDSS-IIT web site is |http://www.sdss3.org/.

SDSS-IIT is managed by the Astrophysical Re-
search Consortium for the Participating Institu-
tions of the SDSS-IIT Collaboration including the
University of Arizona, the Brazilian Participation
Group, Brookhaven National Laboratory, Univer-
sity of Cambridge, Carnegie Mellon University,
University of Florida, the French Participation
Group, the German Participation Group, Har-
vard University, the Instituto de Astrofisica de
Canarias, the Michigan State/Notre Dame/JINA
Participation Group, Johns Hopkins University,
Lawrence Berkeley National Laboratory, Max
Planck Institute for Astrophysics, Max Planck
Institute for Extraterrestrial Physics, New Mex-
ico State University, New York University, Ohio
State University, Pennsylvania State University,
University of Portsmouth, Princeton University,
the Spanish Participation Group, University of
Tokyo, University of Utah, Vanderbilt University,
University of Virginia, University of Washington,
and Yale University.

REFERENCES

Alam, S., Albareti, F. D., Allende Prieto, C., et
al. 2015, ApJS, 219, 12

Aznar Cuadrado, R., Jordan, S., Napiwotzki, R.,
et al. 2004, A&A, 423, 1081

Bergeron, P., Ruiz, M. T., & Leggett, S. K. 1997,
ApJS, 108, 339

Bergeron, P. 2003, ApJ, 586, 201

Bergeron, P., Ruiz, M. T., Hamuy, M., et al. 2005,
AplJ, 625, 838

Bergeron, P., Saumon, D.; & Wesemael, F. 1995,
AplJ, 443, 764

20

Bertin, E. 2011, Astronomical Data Analysis Soft-
ware and Systems XX, 442, 435

Bertin, E., & Arnouts, S. 1996, A&AS, 117, 393

Boyd, M. R., Henry, T. J., Jao, W.-C., Subasav-
age, J. P., & Hambly, N. C. 2011, AJ, 142, 92

Carpenter, J. M. 2001, AJ, 121, 2851

Casali, M., Adamson, A., Alves de Oliveira, C., et
al. 2007, A&A, 467, 777

Chauvin, G., Lagrange, A.-M., Udry, S., Fusco,
T., Galland, F., Naef, D., Beuzit, J.-L., &
Mayor, M. 2006, A&A, 456, 1165

Dahn, C. C., Harris, H. C., Vrba, F. J., et al. 2002,
AJ, 124, 1170

Debes, J. H., & Kilic, M. 2010, American Institute
of Physics Conference Series, 1273, 488

Debes, J. H., Kilic, M., Tremblay, P.-E., et al.
2015, AJ, 149, 176

Ducourant, C., Teixeira, R., Hambly, N. C., Op-
penheimer, B. R., Hawkins, M. R. S., Rapaport,
M., Modolo, J., & Lecampion, J. F. 2007, A&A,
470, 387

Dufour, P., Bergeron, P., & Fontaine, G. 2005,
AplJ, 627, 404

Dufour, P., Bergeron, P.; Liebert, J., et al. 2007,
AplJ, 663, 1291

Farihi, J., Dufour, P., Napiwotzki, R., & Koester,
D. 2011, MNRAS, 413, 2559

Farihi, J., Jura, M., & Zuckerman, B. 2009, ApJ,
694, 805

Fontaine, G., Brassard, P., & Bergeron, P. 2001,
PASP, 113, 409

Gaia Collaboration, Brown, A. G. A., Vallenari,
A., et al. 2016a, A&A, 595, A2

Gaia Collaboration, Prusti, T., de
J. H. J., et al. 2016b, A&A, 595, Al

Bruijne,

Gatewood, G., & Coban, L. 2009, AJ, 137, 402

Giammichele, N., Bergeron, P., & Dufour, P. 2012,
AplJS, 199, 29


http://www.cosmos.esa.int/web/gaia/dpac/consortium
http://www.cosmos.esa.int/web/gaia/dpac/consortium
http://www.sdss3.org/

Gianninas, A., Bergeron, P., & Ruiz, M. T. 2011,
AplJ, 743, 138

Gianninas, A., Curd, B., Thorstensen, J. R., et al.
2015, MNRAS, 449, 3966

Gould, A., & Chanamé, J. 2004, ApJS, 150, 455
Graham, J. A. 1982, PASP, 94, 244

Hambly, N. C., Collins, R. S., Cross, N. J. G., et
al. 2008, MNRAS, 384, 637

Hansen, B. M. S. 1998, Nature, 394, 860

Harris, H. C., Dahn, C. C., Zacharias, N., et al.
2016, AJ, 152, 118

Henry, T. J., Subasavage, J. P., Brown, M. A
Beaulieu, T. D., Jao, W., & Hambly, N. C.
2004, AJ, 128, 2460

Hewett, P. C., Warren, S. J., Leggett, S. K., &
Hodgkin, S. T. 2006, MNRAS, 367, 454

Hodgkin, S. T., Irwin, M. J., Hewett, P. C., &
Warren, S. J. 2009, MNRAS, 394, 675

Holberg, J. B., & Bergeron, P. 2006, AJ, 132, 1223

Holberg, J. B., Oswalt, T. D., Sion, E. M., & Mc-
Cook, G. P. 2016, MNRAS, 462, 2295

Jao, W.-C., Henry, T. J., Subasavage, J. P.,
Brown, M. A.; Tanna, P. A., Bartlett, J. L.,
Costa, E., & Méndez, R. A. 2005, AJ, 129, 1954

Jefferys, W. H., Fitzpatrick, M. J., & McArthur,
B. E. 1988, Celestial Mechanics, 41, 39

Kawka, A., & Vennes, S. 2006, ApJ, 643, 402
Kawka, A., & Vennes, S. 2012, MNRAS, 425, 1394

Kawka, A., Vennes, S., Schmidt, G. D., Wickra-
masinghe, D. T., & Koch, R. 2007, ApJ, 654,
499

Kawka, A., Vennes, S., & Thorstensen, J. R. 2004,
AJ, 127, 1702

Kilic, M., Kowalski, P. M., Reach, W. T., & von
Hippel, T. 2009, ApJ, 696, 2094

Kilkenny, D., Heber, U., & Drilling, J. S. 1988,
South African Astronomical Observatory Cir-
cular, 12,

21

Kirkpatrick, J. D., Henry, T. J., & Simons, D. A.
1995, AJ, 109, 797

Koerner, D. W., Henry, T. J., Fuhrman, L. A.) et
al. 2003, Bulletin of the American Astronomical
Society, 35, 42.07

Koester, D., Provencal, J., & Shipman, H. L. 1997,
A&A, 320, L57

Koester, D., Rollenhagen, K., Napiwotzki, R., et
al. 2005, A&A, 432, 1025

Koester, D., Girven, J., Géansicke, B. T., & Du-
four, P. 2011, A&A, 530, A114

Landolt, A. U. 1992, AJ, 104, 340
Landolt, A. U. 2007, AJ, 133, 2502
Landolt, A. U. 2013, AJ, 146, 131

Lawrence, A., Warren, S. J., Almaini, O., et al.
2007, MNRAS, 379, 1599

Lépine, S., Rich, R. M., & Shara, M. M. 2003, AJ,
125, 1598

Lépine, S., Rich, R. M., & Shara, M. M. 2005,
ApJ, 633, L121

Lépine, S., & Shara, M. M. 2005, Bulletin of the
American Astronomical Society, 37, 150.01

Lépine, S., Shara, M. M., & Rich, R. M. 2002, AJ,
124, 1190

Lépine, S., Thorstensen, J. R., Shara, M. M., &
Rich, R. M. 2009, AJ, 137, 4109

Liebert, J., & Strittmatter, P. A. 1977, ApJ, 217,
L59

Limoges, M.-M., Bergeron, P., & Lépine, S. 2015,
AplJS, 219, 19

Lindegren, L., Lammers, U., Bastian, U., et al.
2016, A&A, 595, A4

Luyten, W. J. 1972, Proper Motion Survey, Uni-
versity of Minnesota, 30,

Luyten, W. J., & La Bonte, A. E. 1972, Proper
Motion Survey, University of Minnesota, 32,

Luyten, W. J. 1974, Proper Motion Survey, Uni-
versity of Minnesota, 37,



Luyten, W. J. 1979a, New Luyten catalogue of
stars with proper motions larger than two
tenths of an arcsecond; and first supplement;
NLTT. (Minneapolis (1979)); Label 12 = short
description; Label 13 = documentation by War-
ren; Label 14 = catalogue, Strasbourg version,

Luyten, W. J. 1979b, Minneapolis: University of
Minnesota, 1979, 2nd ed., LHS

McGraw, J. T., & Robinson, E. L. 1975, ApJ, 200,
L.89

Monet, D. G., & Dahn, C. C. 1983, AJ, 88, 1489

Monet, D. G., Dahn, C. C., Vrba, F. J., et al. 1992,
AJ, 103, 638

Mugrauer, M., & Neuh&user, R. 2005, MNRAS,
361, L15

Oppenheimer, B. R., Hambly, N. C., Digby, A. P.,
Hodgkin, S. T., & Saumon, D. 2001, Science,
292, 698

Press, W. H., Teukolsky, S. A., Vetterling, W.
T., & Flannery, B. P. 1992, Numerical Recipes
in FORTRAN, 2nd edition (Cambridge: Cam-
bridge University Press), 644

Probst, R. G., Gaughan, N., Abraham, M., et al.
2004, Proc. SPIE, 5492, 1716

Reimers, D., Jordan, S., Koester, D., et al. 1996,
A&A, 311, 572

Ruiz, M. T., & Bergeron, P. 2001, ApJ, 558, 761

Ruiz, M. T., Wischnjewsky, M., Rojo, P. M., &
Gonzalez, L. E. 2001, ApJS, 133, 119

Salim, S.; Rich, R. M., Hansen, B. M., et al. 2004,
AplJ, 601, 1075

Saumon, D., Bergeron, P., Lunine, J. I., Hubbard,
W. B., & Burrows, A. 1994, ApJ, 424, 333

Saumon, D., & Jacobson, S. B. 1999, ApJ, 511,
L107

Sayres, C., Subasavage, J. P., Bergeron, P., et al.
2012, AJ, 143, 103

Schlafly, E. F., & Finkbeiner, D. P. 2011, ApJ,
737,103

22

Schmidt, G. D., Vennes, S., Wickramasinghe,
D. T., & Ferrario, L. 2001, MNRAS, 328, 203

Scholz, R.-D., Szokoly, G. P., Andersen, M., Ibata,
R., & Irwin, M. J. 2002, ApJ, 565, 539

Silvestri, N. M., Oswalt, T. D., & Hawley, S. L.
2002, AJ, 124, 1118

Silvotti, R., Sozzetti, A., Lattanzi, M., & Mor-
bidelli, R. 2015, 19th European Workshop on
White Dwarfs, 493, 455

Sion, E. M., Greenstein, J. L., Landstreet, J. D.,
et al. 1983, ApJ, 269, 253

Shulov, O. S., & Kopatskaya, E. N. 1974, As-
trofizika, 10, 117

Smart, R. L., et al. 2003, A&A, 404, 317
Stetson, P. B. 1987, PASP, 99, 191
Strand, K. A. 1964, S&T, 27,

Subasavage, J. P., Henry, T. J., Bergeron, P., et
al. 2007, AJ, 134, 252

Subasavage, J. P., Henry, T. J., Bergeron, P., Du-
four, P., & Hambly, N. C. 2008, AJ, 136, 899

Subasavage, J. P., Jao, W.-C., Henry, T. J., et al.
2009, AJ, 137, 4547

Tremblay, P.-E., & Bergeron, P. 2009, ApJ, 696,
1755

Vennes, S., & Kawka, A. 2003, ApJ, 586, L95

van Altena, W. F., Lee, J. T., & Hoffleit, E. D.
1995, New Haven, CT: Yale University Obser-
vatory, —c1995, 4th ed., completely revised and
enlarged

van Leeuwen, F. 2007, Hipparcos, the New Reduc-
tion of the Raw Data. By Floor van Leeuwen,
Institute of Astronomy, Cambridge University,
Cambridge, UK Series: Astrophysics and Space
Science Library, Vol. 350 20 Springer Dor-
drecht

Xu, S., Jura, M., Koester, D., Klein, B., & Zuck-
erman, B. 2014, ApJ, 783, 79

Zuckerman, B., & Becklin, E. E. 1987, Nature,
330, 138



Zuckerman, B., Koester, D., Reid, I. N., Hiinsch,
M. 2003, ApJ, 596, 477

This 2-column preprint was prepared with the AAS IATEX
macros v5.2.

23



P 110 FLLPT L0°0 F26'F1 S0°0 FLI'GT z0T [<t4 800°0 u 4 L€°GT 4 6¢°GT 4 L8°'GT 160¥—¢ WJHA'T TLZ—6YTITAM

IS €0°0 FOT'IT €0°0 FET'TT 200 F6T'TIT 1214 g€ 200°0 A € 0T' 1T € FETT € 0g'TT oFF £D SPO—CYITAM

60°0 F09'VT ¥0'0 FIL¥T €0°0 F8LVT 09 4 900°0 o 4 1871 4 £€6°FT € $0°ST T €T°6T 08—6£¥ OSH £62—PZTITAM

q 60°0 FgevI 90°0 FLEVT €0°0 Fev vl L7 11 200°0 o € 98 %1 € 0z°gT € Tg'e1 12LY—8T1T YOS 0LFP—9TTTAM

3 200 F1v'6 200 F0L'6 %0°0 F92°01 €6 0z 9T0°0 q € 96'TT € 89°€T € $0°ST g02ve—L0TT YOS ce

3 L0°0 FSO°¥T ¥0'0 F86°€T €0°0 FE6°€T €6 0z 200°0 o € 8L'ET € €L°ET € 99°€T VO0ZFE—LOTT UDS 0FPE—G0TTAM

3 L0°0 FYO'VI ¥0'0 FSEVT €0°0 FE9FT LTT 8T 900°0 o ¥ €€°6T € PS'GT 12 gz 9T T L€°9T £62% SHT 702 —9£0TAM

ST°0 F86°¥1 80°0 F¥8'¥I S0°0 F6I°GT s s S 4 L28°¢1T 4 ¥6°9T 4 L6°LT 982 SH'T PIL+EE0TAM

3 12°0 F1v°¢T 80°0 Fe1'gT ¥0°0 FG0°GT 1g 11 800°0 o ¥ (4524 4 9L'FT 2 89°FT T SLPT €—%06 d'1 80€—9T0TAM

80°0 FvevI 90°0 FeL'¥1 S0°0 FEI°ST s S S 4 69°GT z 1191 ¥ 1¢LT € 61°8T 622Z SH'T 06Z2+800TAM

3q €1°0 F69°71 S0°0 F8S'FI 700 FE8FI 89 91 £€10°0 o € 6€°GT € S8°GT € €€°91T 2€—909 d'1 L00—9980AM

18 80°0 F0z'91 80°0 FGG9I 700 ForLr 1L [44 8T0°0 1 € L7 LT € 9g°LT € 60°8T 8902 SH'I 9%z —TS80AM

%00 FLGTIT 20'0 F88'1T TO0'0 F6€£°TT TL [44 900°0 1 € 0T'¥T € 62°9T € ¥6°LT 90T SH'T cee

p 60°0 Fre vl S0°0 FIV' I €0°0 Fe9'vt 8L A 900°0 ki € T0'ST € 9€°GT € TLGT 1-92L d1 9ET—0¥80AM

IS €0°0 F9g9'TIT €0°0 FPe 1T €0°0 F8G'TT 16 ST 900°0 A € S9'TT € LLTT € 98°TT 8T€ D LZ2€—6E£80AM

p 700 Fre'eT €0°0 FLe'€T €0°0 F6LET ¥8T 9g 900°0 o € TEVT € T8 FT € ye'ST £0L9—1280 UDS 699—1280AM

q TT°0 FESVI L0°0 FEL'FT ¥0°0 F26'¥T 6% 11 800°0 o € S0'ST € 12°G1 € e€r'gT 0TTE€—8T80 YOS 0T€—9T80AM

90°0 F90°¥T $0°0 FET'FT €00 Fee'vI S S S 4 98 VT 4 1871 z L0°ST z P 1e FO—I1ID 687 +0T80AM

60°0 F06°¥T 80°0 F61°GT S0°0 FPe'ST s s - 4 L26°¢T S 4 68°9T 4 88 LT 0861 SH'T L8€+2080AM

IS 20°0 F9e'at €0°0 F8¥'Tl T0'0 FeL'TT PPT 9z 2000 o € 0T'€T € 8¢'€T € 96°€T €62 D 929—2SL0AM

s ¥0°0 8921 €0°0 F19°CT T0°0 F99°CT g9t 62 900°0 I ¥ TL'TT ¥ 68°CT 4 90°€T VE8T [D TLI—8EL0AM

IS 20'0 F62°6 200 F€9°'6 %0°0 Fe1°0T SoT 62 600°0 1 ¥ 72T 4 69'F1 12 69°9T g8z D s

L0°0 F6£°¥VT ¥0'0 FeS'¥vI €0°0 FI8¥T cee s s 4 Te'ST s T 2T'9T 4 L0°LT P—¥ETD THF9+8TLOAM

q L0°0 FLV'PI S0°0 FEO¥I €0°0 FILPT 69 €1 $00°0 q € 12°¢T € TL'GT € 2T'9T 90L9—80L0 UDS 0.9—80L0AM

> €0°0 F62 V1 €0°0 FCEFI €0°0 FES¥T L8 1T L00°0 o € 98' %1 € ST'ST € PPQT T681 SH'T £€90—6590AM

q L0°0 F68°€T ¥0'0 F88°€T €0°0 FET'¥T 8¥ 1T L00°0 o € 8V PT € 1871 € TT°GT $S0T €D 06£—8590AM

q 110 F6¥ %1 S0°0 FSSFI $0°0 FIL¥T 4 4 900°0 o € 86'V1 € €2°G1 € 9%°G1 20T LM V86€—T1990AM

1 TT°0 FIL¥T 80°0 F06°'¥1 S0°0 FOT°ST 4 4 200°0 o € SP'GT € GL'GT € 40°9T 102 LM g86€—T1990AM

> 00 FLLVT 20'0 FI8'¥I TO'0 FL6'FT s s cee 4 8T'GT 4 9%°GT 4 L9°6T T 20'9T 9z —80TD STO+PPO0aM

s €0°0 F8L'TT €0°0 F98°21 €0°0 FGO'ET geT 8¢ 200°0 o € 1g°€T € 66°€T € L¥PT T°€TT [D TP0—2SS0aM

700 FIL°€T €0°0 F89°€T €0°0 FELET €6 0z 800°0 o 4 96°€T 4 1291 ¥ 09°FT T 90°6T 980T D T00—87S0AM

80°0 FO8¥T 90°0 F26'%1 S0°0 FIT'CT s s s 4 €€°GT cee z 18°6T z 0e°9T 17 —¥8D 6L0+TTS0AM

L1°0 Fog'Gt 60°0 F02'ST S0'0 Feg'ST s s = s s s 9z —¥8D $00—LSF0AM

¥0°0 F9L°2T €0°0 F16°CT €0°0 FI0°€T LET 14 600°0 o € 8T'ET € Proel € SLET 61 SH'T 880—GEFOAM

ST°0 FLI'GT 80°0 FS8I'GT L0°0 FL¥'CT s s S S 1 1191 T PLLT T 18T 09T SHT PPO+ETHTOAM

TT°0 FOoL¥T 0T°0 FL8'¥T ¥0°0 F00°ST 19 4 2000 o € ¥S'GT € 20'91 € 1991 808 SH'T PIO+PPEOAM

210 FOT'ET 60°0 FIT'ET 01'0 F2e'€1 L8 8t [tto°0] o 4 Faaa 4 :0g°€T 4 19°61 6%ST SH'T €L2—92£0AM

200 FLL'S 20°0 F00°'6 €0°0 F09°'6 L8 1T [F1o°0l o 4 2L0°TT 4 :89°TT z iGLET 09ST SHT s

80°0 F8EVT S0°0 F¥¥ Pl $0°0 FOL ¥ s S S 4 Lz°et S 4 €191 4 ¥6°9T 0g—LLD 610—22E0AM

q S0°0 FLGET €0°0 Fov'etr T0'0 FeVv'eT 69 ST %00°0 o € 9g'eT € €e'el € 8T'€T s s 90T LM 679—1TE0AM

200 F98'11T €0°0 F6L 1T 200 F9OLIT ¥L 9T 800°0 o € GSTT € L7 1T € 8€°TT VILZT (D 889—0TE€0AM

5 90°0 F66°'€T $0°0 FeI'¥1 €0°0 FYO¥T z9 €1 L00°0 kS 14 66°€T 4 $O¥I ¥ L0%T PLYT SH'T S0L—GSTOAM

60°0 F8V' VT ¥0'0 F6S°FT 700 F89°FIT pxs 11 200°0 o 4 66'FT € 22791 ¥ €¢°6T € 06°9T TPPT SHT 920—£¥20AM

20°0 FLV'PT €00 F19°%1 €0°0 F16°'%1 e R R s ce s s s 62—9€D 652+9620AM

q 20°0 FaT'¥1 <00 Frevl €0°0 Fev vl z9 4! 900°0 o € £6'F1 € £7°GT € $6°GT 12¥1 SH'T TPZ—E€ET0AM

60°0 FOL VT S0°0 FLV'PI €0°0 FIV'VT €g €1 900°0 ki 4 80°FT 14 26°€1 ¥ 98°€T z LL€T 16—1%6 d'1 62£—9220aM

E] o F o F e F o 144 144 S10°0 o € vE'8T € 00°ST € S0'8T CTOVT SH'I 162 —2Tc0dM

G0°0 FYI VT €00 Fee'vl €0°0 F0€'71T s cee s z 3541 z 8¢S FT T 8LFT ¢z A 96£+€120AM

3 ¥1°0 Fer°eT 60°0 FL0O'ST $0°0 FL0°CT 149 €1 L00°0 u € zeerl € (4N 38 € TL°GT s s 12—%6D 9¢z+0ST0AM

o F o CF o o F o o o s T L9°ET T 78'€T T 86°€T T 0T'vT 9E—TVTD TP9+87T0aAM

IS €0°0 F89°2T €0°0 F99°31 200 FL8'TT €91 1€ 900°0 A € €T°ET € TSET € z8'€T SPT SHT SLO—TPTOAM

> 200 FLT VT 200 F62°¥1 200 FIv'¥1 s s cee z 09'¥%1 z 67T z 61°GT TST+9€10 D TST+98T0AM

NN F89°GT 0Z'0 F16°ST L0°0 FeLet 69 <34 L00°0 A 4 99°¢T 4 0L°GT 4 ¥LGT s s £€20T (D 11€—22T10AM

q 0T°0 F16°¥T 90°0 F¥8'F1 $0°0 FIT°CT €9 St 2000 o € Leret € ¥6°ST € 0e°9T SHeY—GTT0 YOS 097 —€2T0AM

L0°0 F63°%T ¥0'0 FSETT €0°0 FIG¥T s s ce € LL°%T cee € gz g1 € z9'S1 $9—90L d'1 LTT—€500aM

€0°0 F0G'TT 200 FLGTT 200 F69°'11T L2 ST 900°0 o € 68°TT € STl € 8e'TT T 1621 L SHT 160+9%00aM

° $0°0 FrL€T €0°0 F8¥'€1 €0°0 Fre€T eet 62 900°0 kS g L9°€1 4 80°%1T [ 67 V1 z gT°gr z2102 D 922 —8€00Ad M

P 60°0 Feq T 90°0 FSS'¥FI $0°0 FLEFT 69 2 900°0 o € 0T'¥1 € 6171 € 80°'F1 4 6T¥L ¥—2el d'1 209—¥£00AM

> 20°0 F9GVT 20°0 FSO'FT 200 F26'71 T 8€°GT 1 9L°GT T ST'9T T 69T TFG0+L2T00L ST $S0+5200AM

q S0°0 F16°€T ¥0'0 FL6°ET €0°0 1271 99 €1 900°0 o € <1 4+ € 2871 € LT°6T €L—0¢g d'1 12L—T1T00AM

90°0 F6E VT ¥0'0 FSETT €0°0 Fre VT s s s . s s s s s s s s ¢ ap TH+8000AM

90°0 FE6'€T ¥0'0 F20'¥1T 200 FEI'¥T 19 4 200°0 o 4 7P 4 ELFT ¥ €0°9T z Ty g1 800T SH'I SPE—0000AM

N 200 Fever 200 Fevel €0°0 F09°21T (421 €z 200°0 o € 99°2T € z8'2T € L6°TT cee s S00T SHT PEF —69ETAM

(81) (L1) (91) (s1) 1) (e1) (z1) (11) (o1) (6) (8) (L) (9) (9) ) (e) (2) (1)
930N Emmx WZg We,p sowrea SIYSIN (8ew) 109110 L In O3y Hnr O3y AN Iy dpn rg swre N sure N
jo "oN jo "oN o speuIalY

SIINSAY OIMIINOLOHJ
1 4719V,



‘guoj OI[e)r UR YIm pojuoasardoar ‘snyjy ‘pue weolysks OIIN 23l uUo ore pue WHIAMHAN wWoij are sepnjruSewr .wxmﬁx

"AOd £8,;9 2u3 Ut Ax3owojoyd JSd 103 SIOFEIGIED [PUISITUW 9Y3 JO OSNEDS] UIEFIPOUN IE (ze816°'¥10T = yroda ‘ [6'9zZ 'V'd 3¢ €,,9 = d) L1eurq 9so[d siy3 103 sepnjufewt [ed13dQ

“A3I[IqRIIRA SNOSUOLI® BUIYRDIPUI g UWIN[OD UL SJOYIVIQ OYY 2OUSY ‘92Inos Aqieou & Aq POIRUIIILIUOD ST S1SA[RUER AJI[IqRIIRA |

‘uoryeorqnd jeys ur pejuosaad senpea oyjy epesiadns ‘snyy ‘pue [00z)| e 1o oSearseqng| ur pejuesead esoyy ueyy seansesw [BRUOIIIPPE opn[oul senjea Lijowojoyd [eorpd
! na 3 ur p T 13 °ep; 3 P 0z)| T qng|ur p: q q T 131ppe apnyout T qd 12o1dO ¢

TOAST Y%T—%T~ OUY ye o[qrrres Adig
‘womesrqnd yeys ut pejussord sonfea o3 opesiadns ‘snus ‘pue [L00Z)[T¢ 30 sHEAUSEqNS| ur pojussord oSOl UBN3 SoINSEOW [CUOIIPPE opn[oul senea Kxomojoyd [eonsdQ

ruoryeorqnd jey) ur pejussaad senyea oY) oposiadns ‘snyy ‘pue [600cg)| 1€ 1° 95easrseqng| ur pejussord 950U} URY} SOINSLOW [RUOIIIPPER opn[oul senfea Lijowojoyd reonndo,

"[200g)[ 1% 3o oFeavseqng| woy posdope ore sonfea Lijowojoyd [wo13dO

‘weysAs SSVING @2U2 03 [6002) ! 1% 32 u{Spop]|jo suorjewrojsuety ayy Sursn woajysds SSAIM ) 2Y) Woaj pauwiojsuery usaq sey Arjawojoyd m&tﬁu
*1800%)| '1e 30 o3vaeseqng| woay pejdope aie senjea Kijowojoyd EUGQOA

*[6002)| 1® 30 o8esrseqng| woyy pajdope are senjea L1jewojoyd [eo13dQ,,

60°0 FIG¥T 90°0 FS¥'¥1 ¥0°0 F¥8G'¥1 T 9971 T v6'¥1 T er’ €¥0¥ SHT T0v+zgecAm
€0°0 F8I'€T ¥0°0 F0zC €1 €0°0 FLI'€T e co e e e . S—0€1D zzet+ivesAmM
o €0°0 FgsCt €0°0 FSo0'€t €0°0 FET°€T 4 T0°€T [4 vo'et [4 LT 8E—6TD 670+92ecAM
0T°0 F99°€T 0T°'0 F79°€T 90°0 F09°€T to e T 0g'€eT T ggretr T LG'ET T 99’ d.8€6 LLT T169—L0€CAM
e G0°0 Feg'€eT v0°0 F69°€T €0°0 F10°%1T €ST 6T 900°0 k=t € 9¢' V1 € IT°6T1 € 0L'ST e . 9L2T D 0L0—T9CcAM
H 80°0 F¥v'¥1 90°0 F99'¥1 70°0 F99°¥1 09 LT 900°0 A v TE ST v T6'9T 14 9691 T €L VVPISL—TE€TTl INASSS V¥SL—9TccAM
3 TT°0 FoLvl 90°0 Fe28'¥%1 700 F98°%1 09 LT 600°0 A i4 Tg'¢T i4 9191 v L8'9T T VL dvISL—1€2er INASSS dvsL—92ccdM
60°0 FE€S¥T 90°0 F0S'¥1 ¥0°0 F¥S¥1 c9 71 900°0 o € vvr € PAZR AN € GS¥VI ¥6L€ SHT LG9—912cAdM
Y10 FL6'FT 01°0 F0z'ST G0°0 FI¥'ST t e A s 4 86°CT 4 Gg'91 [4 9T"LT 14 1€'8T 6€—L8C AT 89€+912CAM
3 80°0 F95¥%1 S0°0 FYO¥I €0°0 F68°¥1 ve It 900°0 o € GT'eT € 19°GT € 16°GT e . 99YY— 1T IWJdHHT c6e—T1ICCcAM
3 010 FSS¥T L0°0 FL9°¥1 ¥0°0 FTL¥1 LG €1 S00°0 o € 08'%1T € €671 € 7091 ¢gLe SH'T PGL—6STCAM
q 90°0 F69°€T ¥0°0 F8¢'€T €0°0 F09°€1 (4] otr 900°0 o € gg'er € €9°¢1 € 89°€T €07 ssoy ger—eeream
TT°0 F88'%1 L0°0 FT0°GT G0°0 F¥e ST € I8°GT € 8T 91 € 8L°91 4 GL LT €1v0+2eiel WdST 0v0+6TTCAM
q 210 FS0°¢T L0°0 2671 ¥0°0 F9T°ST 0L ST 800°0 o € v9°¢1 € 60°9T € LG°91 o s 8€8€—CCIC UDS 88€—8T11C2AM
¥0°0 F48°CT 200 F6L°CT T0'0 F89°'CT A € 87°CT € €v'Tl € ge'Tl € v'et 92T D 6€£S+LTTCAM
Y00 FES'ET €0°0 Fsv'et €0°0 F8¥'€T €1 800°0 o € 0g°€1 € 8G°€T € T9'€1 o e 1028 D 0T8—g0TTcAM
S0°0 F¥8'€T 700 F98°€1 €0°0 FET¥T 61 800°0 o € 98°¥1T € T0'91 € 8741 T 1891 906¥%-01012I INd €67 —L902AM
200 F61°8 €0°0 F8¥°'8 €0°0 F21°6 61 L00°0 o € L9701 € [Amas € ge'el T 9671 99L LM s
¥0°0 Fev'€1 200 FLe'€T 20°0 Fog'etr e e s € IT°er € 80°€T € 00°€eT € L0o'€T 9€—01CD zLE+LV0TAM
3 60°0 F¥8¥1 90°0 FTL¥1 ¥0°0 FGL¥1T It S00°'0 o € eLVT € SR'FVI € €671 e e oy —S9671 69€—9€0CAM
0T'0 F0O8°¥%T 80°0 F6L¥T ¥0°0 F86° %1 e € 87 °GT € 68°GT € 8T 91 14 T6°91 1€—G918 d'1 TLT—8T0CAM
€0°0 Fev o1 €0°0 F9¢°21 €0°0 Fgect 29 €1 600°0 o € [4xas € ety as € 1e°ct T vect VI'¥7SL D LLO—LIBTAM
L0°0 F12°¥%1 ¥0°0 F2T'¥1 €0°0 FOT°¥%1 14 otT L00°0 o € 8L°€T € 69°€T € 09°€T1 e . T19€—026T UDS T9€—61I6TAM
80°0 FIG¥T S0°0 F8¥'¥I G0°0 F08'¥%1 e e R e 4 vo'st e e [4 €991 14 90°91 8CCI D LYS+628TAM
e F o o F o oo F o i4 6LF%T T 1g°s1 v 9¢'qT1 14 191 ¥8¢€€ SHT TET—TIZ8TAM
q Y10 F16°%1 0T°0 FT0°ST G0°0 F0T°'ST €9 ST 900°0 o € 08°CT € 0€'91 € G891 e . TS6S—1C8T UDS 86S—LIBTAM
3 90°0 FLO¥T 90°0 F0T'¥1 ¥0°0 F8€'¥1 99 ST 900°0 A i4 L8'V1 i4 Ge'gT1 v 98°G1T 14 c891 8ZET+LISIL UST YEI+HPISTAM
3 80°0 F99°¥1 90°0 F99°%1 ¥0°0 F€6' 71 0g ot L00°0 o v €V ST 14 G8°9T i4 LT°91 id 00°LT LTPT+8GLIL WUST EYT+9GLTAM
L0°0 F6T°¥T G0°0 FTTVI €0°0 FOV'¥P1 Lg €T 010’0 k=t € OT'¢1 € 99°G1 € 8T'9T o 9EVS-9LVLTII INd SYE—EVLTAM
o F o o F o o F o T 4 an T Tve T TETL T 6€ VT TT—LPL dT LPT—80LTAM
€0°0 F6¥°€T €0°0 F19°€T €0°0 FS8°€T 9¢ Tt L00°0 o € eVl € 0L %1 € 80°GT € TL° ST TS80+2E9TL INST 680+0€9TAM
200 FLLIT 200 FILIT 200 F8G'IT €L ST 800°0 o € 6C°TT € ST'TT € 7011 s ce a1°029 rd 168 —0C9TAM
80°0 FIL¥T S0°0 FELPI ¥0°0 F¥6°¥1 s s s s 4 60°GT 14 ve9T 4 0L°GT 14 8791 YT—LETD 6ZT+CESTAM
H TT°0 F8L¥%1 L0°0 FL8'F1 ¥0°0 F90°S1T 16 0c 900°0 o € vesr € 6G°GT € 08°GT e R GE8T—C INdHU'T 06T —LPPTAM
TT°0 FTL¥T S0°0 FYO¥T €0°0 FS6'7T 6L 91 800°0 o v vyt € 06°9T v €V 91 T LE7LT 8L€ SH'I VLI —PPPTIAM
3 0T 0 FS9'¥91 90°0 FSL¥T ¥0°0 F00°ST et} Tt 900°0 o v 9G°¢T v 0091 i4 Sv 91 T LT7LT SIVE—0TVEIr N 0vE—6EETAM
5 €0°0 F19%T €0°0 FS9¥vT €0°0 FrL¥vL 8¢ 0T 900°0 o € 7St € c0'91 € TL°9T t 00S0+TIPETL NAST 2g0+8eETAM
G0°0 FvLct 70°0 F89°CT ¥0°0 ¥cT9°C1 to o o o 9 67°CT g vv'et 9 €€'C1 9 cv'el 7S¢ SH'T €80—LTETAM
¥ 12°0 FTe'st 60°0 F92°ST G0°0 FLT°CT (4% 91 L00°0 A € 86 %1 € 0671 € 871 s e TILT SH'T €ST—FIETAM
61°0 FGG'ST 0T°0 FT19°¢T 80°0 F88°ST to e 4 ce9T e [4 9T'LT 14 v6°LT 0TLZ SHT 86T —ETETAM
q 210 F09'7%T L0°0 Fe8'7T G0°0 F€0°ST 144 6 900°0 A € S¥ST € 08'9T € 8T'9T o e 1292 SH'I 86L—TIVTTAM
90°0 F80'¥%T €0°0 FLO¥PT €0°0 FE€TVIL €9 v 900°0 A € |8€VT € LSVT € ELVT e v—9€L dT SO0T—gveTIAM
I IT°0 Fv6°v1 80°0 F80'GT G0°0 F9€'ST Ly ot 800°0 o € TL'CT € €191 € Va9t T 9T°LT 6€€ SH'T 0€C—LECTAM
90°0 F16°€T ¥0°0 F18°'€T 20°0 FI8°€T €9 €T S00°'0 o € 8L°€T € I8¢t € I8¢l T L6°€T 7692 SH'T SG67—9€CTAM
P €0°0 F¥eet €0°0 Fo€'2t 20°0 Fov'et cetr LT 900°0 o € [ RAN € 99°C1T € 08°'CT e e L—2s8 d1 ¢€T—c0CTAM
(s1) (21) (91) (¢1) (§29) (e1) (z1) (t) (o1) (6) (8) (2) (9) (2) () (£) (2) (1)
930N Emmx WZgr We,p sowrea SIYSIN (8ew) 109110 L In O3 Y O3y AN rp dpn rg oure N sure N
Jo 'oN Jo "oN o 23euILI Y

panuuo) —T7 ATAV],



L1768 8G0FS 66T 60 FELOT 9T TFEL 9T ET0FCY'T  STIF8E ST 6 e VL'0T08—€G'900T  S¥ sg H L°20 TT 98— 2820 0T 61 T9E—6T6TAM
108 0T'0FO I6T  ¥'0 F6°65¢€ 65°0FL0TE L0°0F8S'0  65°0F6VEE ot vo'g 8€'ET0C—FL'L00C €9 s H 9'87 TS 69— vS'69 18 8T 869 —LISTAM
> 0€8 20'0F6°10c @0 FT'G6TT  96°0F9E'89 0T'0F8Z'T  96°0FL6'99 6 88'TT  OV'STOC—CS'€00C 99 38 A 0°¢z 8% €T+ 67790 4T 8T PETHPISTAM
q 9796 0T°0F9°96  6°0 F1'966 96°0F06°87 0T'0F6L0  S6°0FIT8Y T 80V 6€°€T0C—T€°600C 09 op o 628 LT ¥T+ 16'22 89 4T EPT+98LTAM
q e LUOFPIEE L0 FOL8Y 80 TFV0VL 90°0F99°0  80'TF8EEL 0z oT'g 9¢°¢T08—0V'0T0%  A¢ s9 H T TE 98 Pe— I8°9€ L¥ LT Crg—EVLIAM
q 9€e ge0F6 08T L0 Frvse 2e 1FC9 LL CU0F0z T 1E TFEr oL et 8LV 62°¢108—¢g°0108  9¢ s9 H L°2E 1¢ 80+ LT°E€ TE o1 680+0£9TAM
6% 18°0F678 80 F1°08 TS TFL8LL 0z°0F09'T 09 TFLT 9L €1 86°9 62°ST0E—TE€'8006 €L S8 o T'OF €1 68— £8°EE €T 9T T6£—089TAM
> 66¢ YIOFI682 70 FV'99C 98°0F80° 1T 9T0FLLT P8 OFIE6T 6 0z°6 8€°ET0E—8T'F00C 16 S0T o L°80 7T 61— €671 0¢ PT 06T —LPFTAM
£vL PO'OFLESC PO FOOPIT  16°0FSTEL S0°0FeS0  16°0FE9°CL 6 9z L 6£°GT0C—E1°800C 6L s8 o 8'CT oh 41— vE'ST LT BT PLI—PPFTAM
0'¢se v0'0Fe'L6C 60 FI'C9SC  €6°0FCOLY 80°0F92'T  £6°0F9£9V ot 81T 6£°8008—12'900%  §¢ og H V6T ST PE— 8820 TV €1 0VE—6EETAM
€0 CU0FE€LE 970 FLLTY 00 TF10L9 €0°0FSF0 00 TF9¢99 ot vP°9 vSGT0Z—01°6008 8¢ s4 Bt 8% 00 S0+ 08°12 1% €T 2G0+REETAM
L7161 LO0FELET S0 FF'969 L8 TFTT LT TT0F6L0 L& TFEVOT 8 6L 69°0T0C—0T'€00T @8 s A €89 9€ 91— 09°EV 9T €1 €ST—PIETAM
0'8g 8€°0FgEle LT FOIES 20z F eV EY 0£'0F0T'T  00CFEETY L L8°€ 80°6008—12'S00% V¥ sg A 6°L2 60 08— 0L°2S ¥V &1 86— TPZTAM
699 ST'0Fe 692 L°0 F8eve OV IFIE VT L0°0F08' T OV IFIREE 8 £2°9 07°0108—21'7002 €9 s A 280 1¢ 01— S92 V¥ Tl SOT—2PeTAM
¥'208 L0°0F8'€2% L0 FS'€80T  OT'TFLE ST €0°0FLF0  0T'2F067C 8 88°G 12°0T08—€EF00T  LF s. o L€V LT €T~ 81T OV &1 0£2—LECTAM
6°6€ L0°0F829% 70 F61S ¢L0F09°¢9 90°0FER0  GLOFLLVY A 6€°S TG'€T08—21'8008 €9 29 Bt 200 8% 67— 8L°6% 8€ TT 267 —9£2TAM
Lzt 80°0F6°LT z'0 F9'sve €L°0F88°16 CT0Fe9 T €L '0F9T06 8 S0CT  90°9T0E—T0°P00C  GET seT o T'TT €€ €T 89792 S0 &1 2EC—T0ETAM
<oz 8T°0Fz €8 70 FREIT L6°0FS0°8¢E 90°0F280  L6'0FETLE o1 26'8 0T'€106—8T'700%  &OT s0T o 118 ¢ LT— TT'9E TG TT TLE—6VITAM
8'89 T0°0FS L6 €0 Fee69z  6UIFIOLIC  6T0FFOT  LUTFLESIE 0T €€°9T  6£'9106—L0°000  PIT s9T A L°6% 09 79— €6°CF GF TT CPO—TPITAM
€29 ST OFE TP L°0 F8'IvE vS IF00° TE 80°0FTO'T VS TF66°6C o1 68°¢ 90°9T06—9T°0T0% 09 s o T IT 07 68— €2°60 48 1T £62—VETTAM
¢'0z 9T°0F¢9LE  9°0 FOPTE 98°0F9T°89 TT0FL0T  980F60°LS ot eTy YPIT0C—61°200T  LF sg o 0°L8 12 LV~ 02°28 8T 1T 0LFP—9TTTAM
£ge 9T0FI'89T  ¥°0 F629T 96°0FES'8€ 0T'0FE9'T  76'0F16°9¢ L 8T'L 8€'€T0C—12'900C €6 s8 H ¢°00 12 PE— 920§ L0 TT  €0TPE—LOTTHOS
8'TE ST'0F0'69T  ¥'0 F&'99e £6°0F VS 68 0T'0FC9'T  6°0FC6'LE L 8T'L 8€'€T0C—12'900C €6 s8 o ¢ TG 0T PE— 68°LF 40 T 0PE—SOTTAM
£1p €0°0F8€EE  1°0 FE'609 95°0F 7669 v0'0F89°0  99°0F92 69 8 €L°TT  S0'9T0E—CEPO0C  LTT sz1 o 899 0V 06— 18°69 8€ 0T 70T —9£0TAM
v'8p PEOFI'96T  9°0 F9'00T €T TFV9°61 €0°0F¥80 €2 TF08'8T i 6V 80°600¢—LT'700T 1 s9 o T'20 80 T€— P8°6E 8T 0T 80£—9TOTAM
q vt 0£0F992T &0 F6'86T £6°0FCE 7S 90°0FE80  £6°0F6V €S 8 oL'g 96'C108—61°200% 89 s o 6°CV 85 00— T6'2T 68 80 £00—9880AM
> 96L £0°0FV 9L T'0 FoLE9 29°0F96°LE 80'0FE9'0  99°0FEELE o1 96'TT  0T'CT0E—71°000c 1L s I 299 9V ¥T— 89°19 €< 80 9vE—TS80AM
9°G. £0°0FT'9L 2’0 Fo's€9 T9°0F¥8°68 80'0F€9°0  09°0F T2 6€ 91 96°'TT  0T'Z102—P1°000E 1L s I ¢'9g 9F ¥ 9€°99 €9 80 L90ESH'T
q L8t LTOFETVOT S0 FPEoe 26°0F 8799 20'0FVr0  26°0Fr0'99 a1 89'9 68°C10C—12'900% 8L s8 o T'ET LV €T~ ST'8T TF 80 9£T—0PR0AM
e 989 T0'0FE@EE €0 F8GOLT SO TFCORIT  LT'0FO9'T  POTFOEOTT  Of 0T'ZT  S0'9T0C—S6°€00¢ 16 36 A 6°2€ 99 CE— £7°CE ¥ 80 L2E—6£80AM
e I'8E CO0FP62E 10 F609L v OFILT6 S0°0Fr90  VS0FLOT6 T 08'CT  S0'9T0E—ST'€00C V8T SpT ki T°0T €0 L9— 1.°92 12 80 6991280 M
q 0gL 90°0F¢€9T  ¢°0 FI'Le8 TL°0F08°Te S00FELD  TLOFLETS L 66°¢ 96°0T0¢—L6'700% 6 s o €02 0T 1€~ 92°07 8T 80 0TE—9TR0AM
e L08 TO'0FE'SET €0 FP960z  68°0F0T'€CT  TT°0FE6'0  88°0F8T'ECl 61 60CT  PO'OTOE—S6'€00C  TVT seT H o TE LY 49— 91°80 €¢ L0 9L9—2SL0AM
e &P TO'0OF6'STT 10 FE€92T  T90FOPOTT  60°0F90'T  09°0FPE60T  IT TTTT  L0°ST0E—96'€00% 99T sz1 I T6V VT LT 8L°08 0% L0 TLI—8ELOAM
e 9P TOOFP'STT  T°0F9eLel  T90F8Y0TT  60°0F90'T  09°0FE9'60T  IT TTTT  L0°ST0C—96'€00% 99T szT I 6V VT LT LE'6T OV L0 gE8TLD
q 6T 62 0FcPre L0 FEOve TO'TFCE 69 80°0FVO'T  TOTFIE8S T 8LV 96°'TT0Z—8T°L00% 68 29 o VI 90 49— 82°2S 80 L0 0L9—800M
q 0€6 LO0F8PET L0 FI688 YU IFIE 9V ET0FOT'T  ETIFIETY ot 697 €8°CT0C—FTI'800C LS s9 H €97 L8 90— ¥8PS 10 L0 £90—6590AM
q 028 Ve 0FEEVE 80 FIgee 88°0F6L°8S L0°0FPL'0  88°0FS0'8E et (384 66°0108—248'9002 8 sg H L°GE 60 68— 06°G0 LS 90 06£—2290aM
q T LE0F0CPE 970 FR0ET 20 1F e 0 POOFPS0 TGO TFI”6E (44 L7 66°0T02—22'9008 &g s9 kS €°EE 99 68— vE'SE £ 90 V86£—TS90AM
q L9t 8T OFLEVE  L°0 FO'TET SO TFCT TV v0'0Feg0 SO TF090¥ 0z L1y 66°0108—82'900% &g s9 Rt T'6C ¥ 6€— 12°0€ €8 90 486£—T990AM
0w 0BL TO0FEL9T 0 FEPLEC  99°0FCe'9eT T O0FVET  €9°0F8RPST LT 68°'TT  €8'STOC—V6'€00C  SE€T ogT o T°20 0T O~ £9°60 95 S0 TP0—2520aM
gEl 8T°0FE'9C 70 Fe'ggz 76'0F89°68 8T'OFIST  €6°0FLT'8R 1 TLL €8°GT0C—CT1'800C €6 6 H 0°TZ 0T 00— 67°61 1S €0 T00—87S0AM
669 20'0FCSTLT €0 F6'998T  9g'TFLE'90T  90°0FT0'T 98 TF9E'S0T 0T L0'ET  €6'STOC—SR'E00C  LET seT o L°0T 67 80— TP'LY LE $O 880—SEPOAM
£er ET0FOIST €0 FE 197 L0 TFIV 05 90°0F¢g0  LO'TFI6 6V 6 0z'g v6'C106—FL'L00T 19 s9 o 9°LV 88 T0+ £8°90 LF €0 PIO+PPEOaM
£°€6 9T 0FT'T9 T T FOTIR 98 TFET TV 8E'0F8L0  ERIFLVOV L 80V ¥6°C10C—98'8008 LG sg H LV0 6T 45— VI8V 8T €0 0SSTSH'T
v'56 9T°0F8°09 T'T F8'9T8 98 TF L0 TV 8€'0F8L0  ERIF6ET 0V L 80V V62108 —98'800C LS sg o 200 6T 45— 6L°8F 8T €0 £L2—92E0AM
6°5¢ 18 0FSFOL  ¥°0 FI'89T 02 TF9L 0 90°0FEL'0 0T TFI0°0€ 6 61°L 62°C108—1L°S00C 69 s8 H 80T V¥ 79— 69°6Z TT €0 679~ TTE0AM
v'g 68°0F9°99T  0'T F680T v8 1F89°96 80°0FCT'T  VRIFIST6 L 8T°L S0°9T0C—98'800C VL oL H V€0 9E 89— T0°TE 0T €0 889—0TE0AM
8L 9T°0F8 00T  T'T F6999 0gzFee IV S0'0FIR0  0£CFVLOV s 967 £6°6008—86'700C €9 s9 H 6°0T 28 04— ge'L1 9¢ 20 C0L—29T0AM
67 PIOFS 99T L0 FO8IS LT TFIT08 6£°0FLET 1T TFVLLY 9 L9°¢ 80°¢108—10°0T0%  A¢ s H £°€C LT T0— 08°0€ 9F €0 920—EVZ0AM
L% TTOFIT6T 270 FF 019 92 1F 1628 L00FSTT 9T TFIL IS A er'g 682108 —FL'L00E @9 59 Bt €'L% 00 P2— 08°1Z S€ 20 ZYT—££20AM
¢6p 82°0F6°00  9°0 T LET 08 TF08°1% €T°0F00'T 62 TF08°0¢ 6 08'9 €L°0106—F6'€00T €9 s o 6°€€ TV CE— 02°48 8% T0 62£—9220aM
9°62 £2°0FC €6 €T Fe'ssy L9°cF06°'8T LO0FVS'0  L9TFIE'8T 8 qT'9 T0°0T0T—S8'€00C ¥ oL o £69 VS 8T~ 0€°TE 7T 20 1622520 M
0'ge 8€°0FL 9L 80 F6'91¢ L8 TFTH 6T L0'0FV8'0 L8 TF8S'8T 2 66'g 766002 —96°€008 PG 59 o L°0% €9 92+ ¥6°1¢ 2S 10 992-+0ST0AM
€09 T0°0F266T &0 F96L0T  6L0FO08TOT  LOOF8R0  6L0Fe600T 9 ¢e'ST  E8'GT0T—LS000T €91 3zt A 7°0E 8T 49— 86700 €7 T0 CLO9—TPTOAM
862 L20F9 LT 70 F9°0aT 6T TFST 6T 800FIT'T 6T TFPOBT g 20'eT €L TT0T—1L'6661 69 39 A 6'60 95 0E— £1°99 62 10 TIE—L2T0AM
] 0T0FT 66T L0 FT L 88 TF68°CP £0°0F82°0  8RIFIOCY 6 ve'L P6'210E—0L'S00C €9 s8 A T IE SV §v— PO'8T T 10 097 —£CTOAM
£°09 20'0F6'99T 70 FO0L6c 99 TFCICEL  60°0FSE'T 99 TFLR0EC 9 9T°0T  96'ST0Z—08°C00%  LL s6 o T'61 €2 S0+ 16°60 6% 00 TS0+9700aM
6°5T €0°0F9°26C @0 F0'809 98°0F62 ITT  LO0FPE'T  98°0FCOOTT L 61°9T  @8GT0G—F9°6661  EET SLT o €20 12 88— £0°9Z % 00 922 —8€00AM
L1g 82°0FC €9 L0 F8'9LT LETFIV IR PUOFLUT 98 TFPE 0P ot 9g°g 26°6008—99'700% 6 s9 o ¢'LT 9¢ 69— 2€°CT 9€ 00 209 —PE0OAM
T°0g €20Fe LET L0 FLgEE 0T TFLLTS €0°0F290  OT'TFETCS 8 vy L6'TT06—99°L008 99 sg ki £V 67 12— T6°6% €T 00 T24—TT00AM
9°1g 60°0F8'89T 80 FG'99L TV IF6E 0L CT0FE0T TP IF9E69 8 ve'g v8'g108—0g°0T0% 19 s9 o R 0T°0% 20 00 ¢PE—0000AM
9ve €0°0F88ET  &'0 F8988 06°0FLeTeT  6T°0FSE’T  88°0FCL'08T L 9081 £8°9108—LL'€00T  TVI seT u 9°¢g 60 £V — €4°0T €0 00 VEP—62£2AM
(g1) 1) (g1) (1) (11) (o1) 6) (8) (L) (9) (9) (%) (€) (2) (1)
(—s up) (32p) (14 sew) (seu) (seu) (seur) PN saeax agei0n0D W wOSN 1091 (0°000zr) ‘P°a (0°000zr) "V'u owreN
wey v " (sqe)x (1100) 2 (o)

SIINSHAY OIMIANOYLSY IdOLLD
g a1avy,



uorj3oag 29s)

saeak

E:Omaomm Ul PoqlIdsop SB UOIJN[OS DII}0UWI0I)SE 9} dUIWID}OP O} POsn alom BIBP AU pPue A0 Quom:u

9~ I9A0 ®IED [RUOIIPPE opn[our Aoy esueooq [600z)[T¢ 30 edeAvsequg|jo osoys epesiodus

UOT00g Ul passnosIp st 399(qO,

‘odwres gap 2d gg 943 jo loquuaun MON g

2107 pojuoserd SUOIRUIUIILIOP DLIJOWIOIISY

e  PTOT TO0FP'SOT  T°0 F6'2.9C  T80FLLOTT  FTOF6H'T  I8°0F8TSTT 8 TE€'ZT  €8'9T0C—TS'€008 €91 sg1 a v¥S 9% 90— 9e'€g €9 CT 0L0—TSZEaM
posq  LTET G0°0F8'2L9T 0T FOLG8T  TH TFSE'G9 L0°0FL9°0 TV IF89F9 ot 60 09°£002—19'200% 09 9 A €99 €T GL— 00°0% 0€ &Z VFGL—9ZETAM
posq  8'SET G0°0FEL9T 0T FEL98T OV TF0Z'99 L0'0FL9°0 OV IFECTO ot 60 09'L002—TG'200Z 09 s9 A TV 9T GL— gg €€ 0€ ¢ areL—9zeedm
118 OT'0FLEIT L0 FE'TL9 25 1F66°8€ L0'0F¥80  CSTFEI'RE ot 189 TL°T102—-06'7008 9 sL o 9°LT 62 99— ze'8Y 61 4T L99-9T22AM
9'6 90°0FT'0TT 90 FE'SL0T ST TFEEES 80°0F8L0 ST TFEeag 8 V6V 99°0T0Z—TL'G00Z g s9 o €0 69 8E— SLVE V1 TT Z6E—T122AM
otq 608 ET°0FC'8LE L0 FR6ES 2z 1FE2 09 0T'0FS6'0  TZ TF8T 6V ot c6'v T9'Z102—99'2008 LS s9 o 192 €T gL— ¥8°0Z V0 2T vSL—6ST2AM
q €7e €2°0FC LIT 90 F9°€6C 82 1F92 0¥ 60°0FT80 8T TIFELGE 6 8 Z8°0102—L£'9002 &g sy o Qe 8T €1~ 6£°9T 9€ Tz geT—€eTZAM
q @6l 6€°0F9°80T  L°0 F8 LT T TFOGEY g0°0Fee0  TEIFIOER o1 L9 g¥'FI0T—FLL00C 0L s8 a 87 8¢ 8E— 6990 2T 1% 88E—8TTCAM
q oe 02 0F6FPT 80 FOESy TP IFL6'79 80°0FL90 TP IFOEFY ot z8'g LE'6T0E—¥S'600T 2§ sL a 82T 67 18— T8°9T €1 12 028 —S0TZaM
otq €T 6T°0FOTECL  9°0 FO'89€ €0 TFET L 90°0F99°0 €O TFLVFL T or'g 99'$T0Z—07'0T0Z T8 29 o T2 90 67— 12°60 T0 12 £67—L502AM
Lee 0Z'0FLFEC 90 FTV9E LOTFEL GL 90°0F99°0  L0'TFLO'SL Tt 9T'g 99°6T0Z—07°0T0C L. 09 u 67T L0 67— TP L0 T0 1€ V906 —T0TEdET
ree 820FLEOT 90 FV8IT 10 TF1E°18 Y2 0FC9T  86°0F69°6C L ve's 8L°6002—F¥°F00C  6F sg u SET 67 9E— TP 1P 8€ 0C 69€—SE0ZAM
'8 62°0FIT0Z S0 F6LOT €8°0F86°L6 0z'0F09'T  T80F8E'96 ot 80°9 0V'STOZ—ZE'600Z &9 sL o 000 0¥ L0— 26'vE 0T 61 LL0—LT6TAM
(91) (g1) 1) (e1) (z1) (11) (o1) (6) (8) (2) (9) (9) () (€) () (1)
s930N (p_s wp) (80p) (14 sew) (seur) (sewr) (sew) N s1eox a8eI0a0D RN TSN 131 (0°000zr) ‘1P°a (0°0002r) "V'H oweN
wey, v o (sqe)x (1100) 2 (1)

PaNUNUO) —g ATAV],



UO1309g Ul PassNOSIp SI uumEOQ

opdures M 2d GZ 2Y3 JO I19qUIDUL MON

e MEAOL 968 20 0FT'6ST €0 F&99¢ 9€ 0F VT a¥ 90°0F€6'0  SEOFIT T 84 8e'¥ 16°2002—6S°€008  ©TT 66 -2V 962 LT OF+ 92°9S TS €6 TOV+TSETAM
YEAdH 96T L0'0F9°¢sc 0 F961C 17°0FS0°€S G0°0FLL0 IV OFS8ETTS 61 60°€ 6L°¢T0Z—0L°210% LTI L9 z-1 8°9% g€ Te+ TL0S €V €¢  TEETIPECAM

q ML 1% 20'0F8'LET  T°0 FG08% 6£°0F€8°9¢ 90°0F90°'T  6£0FLLGE o1 g1 9L°¢00Z—T19°666T  T6T og1 z-1 THS T S0+ T9LY 8T €¢  6¥0+92ECAM
e  VCAHEHE  £Cv 20 0FS 8L 10 FL 697 82 0F6T 6¥ €0°0F87'0 8T OFIL'SY 6¢ 187 18°2T0E—67'800% 22T 9L iy 0'1¢ 20 L8+ 0927 LT8¢  S9£+STECAM
e  VCAHEHE  LLY $0'0FS 06T €0 Fe¥Iv 29 0F6T ¥ $0'0F0L0 TS OF67 0¥ ve 1€ 6L°¢T0Z—19°210C 69 19 -2V 8'9¢ €T V0+ GeeT 8¢ 1¢  OPO+6TITAM
veAdd S LT 60°0FT°LE€ 0 F1¢IC $8'0F9€° LG 8G°0F¥6'0  T90FTH 9¢ o1 L1 6L°¢T0Z—19°2108 19 or z-1 STIv 2T ve+t 12°9¢ 8T 1¢  6£S+LTITEAM
YEATH 18T 0 0F ¥ LY 20 FL'€8T 1€°0F29°8¢ TT0F0S'T  62°0FCT LS og 0% L¥'2T0E—€%'8008  TLIT 6L 7 7T 8¢ 26+ 12°90 6% 02 CLE+LPOTAM

qe  PEATH  £°71T 60°0FL 068 S0 FI'661 ¥S 0FeT v ¥0'0FE€9°0  ¥S0F6S €Y 8T ov'e 6L°9108—6£°210C 8 < -2V 6 1% 8G 91— 8C°60 1€ 02 TLT—820TAM
MENeL  6'1E 0'0FE'8TE €0 Fe'€6¢€ 9€'0Fge'8g S0°0FT6°0 98 0FPP LS o1 10°€ ge T00T—FS'866T 79T 76 -2V TLT LV Vet 82°0% 08 8T  LPS+6T8TAM

e MENOL €769 20'0FE 86T €0 F6°699 $9'0F -G €¢ 0£'0F00T  99°0F8S'E¢ 4 Ty 99'966T—T1€C66T €9 7S -2V 2'eh 80 €1 — vS'F0 VT 8T TET—TZ8TAM
YCATH  L°G8 T0°0F¥' 102 20 F6'¥6IT 82 0FS0°99 G0°0FTL0 8T OFEES' SO 48 8T'¥ L¥'2108—68°800%  ©OT ) -2V 0'¢% 82 €1+ 67°90 LT 8T PETHFIRTAM

v ML 766 10°0F¥'9€z  1°0 F8°966 8T 0F Ve Ly 90°0F160 L2 0FE9°9% 62 8e¥ £€9°2108—G2°800% 191 80T -2V 6°LE LT V14 1622 89 LT €PT+H9GLTAM
e ML Teh ¥0'0F8¥EL €0 Fe'8se $S'0F09'€V 60°0F99'T  €9°0FC6'I¥ €e Tev 87°2108—92°800C L6 0L -2V 9°€9 LY ¥I— 212792 TT LT LPT—S0LTAM
e  VCAAA 91T TT0Fe€ee S0 FL'8ET TL 0FSETS 20°0F89°0 L OFLOIS €1 or'e 87°910g—8€°2108  9€ e -2V Ty L o+ 18°60 9 9T 6TT+2EaTAM
ML T'EL 20'0F0'€ec €0 FOSPIT gL 0F0T vL S0°0F19°0 2L OF6SEL €1 2o’ 8T L66T—LTT66T TP v eV 8°GT ¢ L1— SE°9T LV VT PAT—FPPIAM
YeAdd €16 v0'0F9L¥e L0 FO96IT  ¥E€I1T60°C9 60°0FST'T P& TITI6°09 8 A £7°9T08—0%°€108 72 44 z-1 76T ¥E 80— PO'ET 0€ €1 €80—LZETAM

e 00SIL  T1'69 v0'0FVvLe €0 FE659 PLOFGT'EY L0°0F69°0 VL OTOV'Ey 9 8€'¥ T7°G66T—E0°T66T o€ 44 H-LS 1°2€ L0 05— LS°6T 9T €1 S6T—EISTAM
MEAOL  6°TF €0°0F6°'€e€ €0 F0'029 99'0FET 04 90°0F00°'T  99°0FET'69 o1 06'% L1'8002—9%°€00%  &F a2 -2V 8'9¢ 0V 08— LS°9G 8€ 0T POT—9L0TAM

e MEAOL  ©6ST 20 0FP9¢c €0 FESI6T  T9°0FT10°LS L0'0F86°0  T90FE0°9¢ 6 c0v TE966T—L2°C66T  TE 62 iy 6'8¢ 0T TL+ 1220 LE OT PILHELOTAM
qe ML 9°0¢ 20 0FF 06T €0 Fr0zL ar 0FFG L9 90°0F82L°0 ST 0F9L99 41 TLY 20°€005—0£'866T 6 18 -2V 168 ¥ 8T+ 8CTV 1T 0T 062+800TAM
e MgAOL  L0T v0'0FL'¢9T 20 F8Lee z€ 0F00°69 20°0F98°0 2L OTPI'SS o1 87 S0°€105—£2°8008 VL 69 -2V 86T oF 8V+ LT'TT 7T 80  68V+0TS0AM
q MEAOL 08 €0'0F6°'82c 70 Fgges 99'0F90°6¥ 90°0F68°0 99 0FLI'SY o1 60 €2°966T—VI'C66T  €F 6¢ [y L'y €€ 88+ 99°2G G0 80  L8E+TOS0AM
© ML T'vE 20'0F9ILT &0 Fi'sce 0€'0F18°0¢ 90°0F498°0  62°0T96°6¥ €1 ST'9 10°€005—£8°9661 6T 621 -2V ¥'LT 60 YO+ 88°0€ €6 L0 TP9+8TLOAM
e  VCAFEE 0.8 T0°0FSP8T  ©0 T&'688 £2°0FOT'8F 90°0FI0°T 22 0Fer Ly 62 1€V 0T'€T02—6.°800% 98T 68 [y £°9% LT 90— PG T0 L0 £90—6S90M
e  VTAHEE  gcE C00FTPLE T 0 TSIV 1€0FS6'7S 20°0FS6'0  TE0F00¥7S Ly oT'€E 60°9T02—€6'2108 LTI €g [y 6'80 1€ 20+ ST'gT LV 90  SZO+TPO0aM
MTAOL  T6E €0°0F7'9TC €0 F6'8L8 P oFI8CE v0'0FSP'0  TvO0F9e Sy 4 867 TT L66T—FT'C66T 89 99 iy Z'ST 00 80+ 67'€0 PT S0 6LOFTTSOAM

e  VCAHEHA  8'€E €0°0F¢evT 10 F0'98¢ £2°0FGT 0 G0°0FTL0 T OFEV6E 61 €T S6°'2105—TL'8008  €€T 6L -2V 0'6€ T 00— €2°EV 6S PO POO—LSPOAM
ST CR S ] T0°0F8'EET  T°0 FIGP8 82 0F€9'8F TT°0FS0'T 92 0FSS LY 1T 12°0T 10°€002—08'C66T  £€¢ €LT -2V 9'0€ g€ YO+ 0L°0% 92 7O PPO+ETTOAM

q ML 1€ T0°0F€'S¢9T 20 FF068 €€ 0F1L°LE L0'0FS6°0  TE0F9L 9 2 e 60°266T—SL°C66T  FOT 28 -2V T°ST 67 10— GO'TT € €0  6T0—TTEOAM
e MEAOL  0°T¢ €0°0F9°¢ST €0 FOTIS PG OFLY LY €T°0FLLT TS 0FO0LCY 9 gev €0°266T—L9°T66T  TL 09 -2V £'€T LT 20— 08°0€£ 97 €0 9T0—EVEOAM
e  VoAHEHE  LcE 20 0FSLIT  T°0 FO'¢gE 82'0F60° LY G0°0F89°0 8T OFIV OV o1 ve'9 90°¢T0Z—8L'800%  €TT £6 -2V 9'LS 60 92+ L9°6T 6€£ 20 6SC+9£20AM
v 008IL  ¥'2T PTOFP0¥C 70 FO'9ST 28 0FGL0G L0'0FE8°0 T8 0FT6'6¥ 4 €0°¢ 28°G66T—8L066T 0L g U-LS 76T 1S 68+ 9€°9T 91 €0 96E+ETTOAM
YEATH  SVE S0°0F0'CET €0 F020E P 0F 6% 8¢ 61°0F88°0 OV 0OFI9°LS 8T 6c'e 00'9102—19°2102 69 0g -2V 1'2¢ €T vo+ 921G 1S 10 TP9+8PIOAM

v ML G0t ¥I'0Fe L0z €0 F966 68°0F96 7 0T°0FeL'T  SSO0FVT € vi 0g'¥ 86°9661—L9°C661 10T 8L -2V TTh LT ST+ 18796 8¢ 10 ZSTH9LTOAM
e ML S6F O 0FV'8YE €0 F6° 99 62°0F 8LV 60°'0F68°0  S£0F68°CH v 61°% 86°966T—6LC66T L9 9g -2V 9'1€ LT 11— €6°0S §G 00  LIT—£S00AM
MEHRL  0°9% 20°0F6'2Ec €0 F8Y09 12°0FL8'0TT  €T°0FIST 0L 0F9L'SOT ¢ 9T'¥ G6°966T—6L°C661 99 6V 1-ev €20 12 25— €0°92 T¥ 00 92Z—S8E00AM

e  VCAHEH  v'SE Y0'0FEVEL 20 Feo eog Sv oFOT ¥ L0°0FE0° T PP OFLOWY 61 se'e 00'9102—29°210% 19 €g eV Z'€0 T S0+ ¥9°9€ L& 00 $S0+9200AM
e VCAHEA  ©CT v0'0F8 16T 20 FE'62C 0€'0FLT '€V 20°0F8S°0  0£0F69Th 8 ov'e 16°TT0E—LS'800% €11 L9 1-gV 607 OF gv+ 972z T1 00  PZF+8000AM

(1) (91) (e1) ¥1) (1) (z1) (11) (o1) (6) (8) (2) (9) (¢) () (e) (z) (1)
s290N ano (s wo) (8p) ({34 sewr) (seur) (sew) (sewr) 3ot sreox e8e1040D RN NS 109114 (0°000z2r) 1P (0°0002r) "V'y oureN
ey, vd i (sqe)x (2100) 2 (193) x

SLINSHY OIYLHANOYLSY SHAON

¢ q4714av],



1 €0°0 FS¢¥'0 S0°0 FeLT— L0°0FELTT 20°0 F12°0 H 8T va €00 F20'L 08T FOI6L 0T‘T z LL0FLT'GT SOT—2PaTAM
q 010 F12°1T 80°0 Fo1° ST'0F9g €T S0°0 F9Z°0 H 144 va T1°0 F62°2L 06 F0L9¢ T T 0T'cFLE ST 0£T—LETTAM
ST'0 Fev'l S0°0 F80° ¥0'0F68°CT 20'0 F86'0 H (44 AvVa €0°0 F6¢'8 0% F08LOT TT T GL0FLE GO S67—9ECTAM
S0°0 F6L°0 ¥0°0 FS0° €0°0F292T 20'0 F€S°0 H 6% zZva €0°0 F68°L 0LT Fo0zgs T T €L°0F88°16 €T —20TTAM
b 2T 0 FrLT 400 F8G° 90°0FLL €T S0°0 F6%°0 (O+)eH 12 ba L0°0 F98°L 00T F0829 T T L6°0FS0°8¢€ TLT—6VITAM
d 60°0 F1T'T S0°0 F8¢° €0°0FLT €T 200 F09°0 (O+)eH 1€ oa €0°0 F70°8 08T F088L ¢'v'e'T 4 9%°0F98°¢TC SYO—TPITAM
60°0 FSL°0 L0°0 F86° 11°0F0¢°2T S0°0 F65°0 H 6z zZva 90°0 F66°L 0zz F0S16 T T S TF00°TE €62 —P2TITAM
260 F61°€ S0°0 F18° FOOFFEFT $0°0 F8S'0 °H 6T oa €0°0 F20'8 0FT FOI8¢ T T 98°0F9T'8S 0LF—9TTTAM
20°0 F1€°0 10 Fre S0°0FC9 1T ¥0°0 F69°0 H 1e va <00 Fri'8 066 FOTISET L1 4 99°0FF¥0°6¢€ 0FPE—GOTTAM
° 61°0 F2S'9 $0°0 F¥1° €0°0F8¥ ST €0°0 F8L'0 °H (44 deedda €0°0 Fee'8 08 Foosg €1 4 €¥'0F20°0L $0Z—9E0TAM
62°0 F09'8 $0°0 FLT' $0'0FTL'GT ¥0°0 FeL'0 H (44 oa ¥0'0 F2z'8 0L  FovLy € T 19°0F10°2¢ PILHEE0TAM
S0°0 FLI1°0 10 FL0° PLOFST'TT 200 FLG'0 H 12 va 60°0 F26'L 096 F066¥1 T T €T TFF9°61 80£—9TOTAM
° 220 F6T°L €0°0 F8e” €0°0F99°91 €0°0 FLG'0 °H (44 doedda ¥0°0 F00'8 oy FOviv € T ST OFPE LY 062+800TAM
29'0 F29'¢ ¥0°0 F20° S0°0F00°ST €0°0 F¥9°0 H 61T oa ¥0°0 F0TI'8 06  Fovee T T €6°0FTE VS 200—9580aM
82°0 F90'8 90°0 F€9° 20'0F G091 S0°0 F0¢'0 (H+)°H z€ oa €00 F68°L 08 Fo6ve LT 4 ¥¥ 0F96°8€ 9¥Z—TS80AM
u ¥8°0 F82°¢ 010 F70° 70 0FES VT 80°0 F¥S'0 (eD‘H+)oH 1c za 0T°0 FE6°L 0€T F0867 T T 26'0F 8V 99 9ET—0¥80AM
0°0 F65°0 ¥0°0 F88° ¥0'0F2TT T 20°0 FL¥'0 H 144 va €0°0 FLLL 06T F0V06 [4a¢ T FO TFI6°LTT LTE€—6E£80AM
€570 F89°'9 ¥0°0 F60° €0°0Fce ST $0°0 F¢9°0 H 12 va ¥0°0 Fe1'8 00T F090¢ T T FSOFIL 6 699—T1280AM
w 1L°0 F6r'e 60°0 FeL $0'0FZ0'¥1 90°0 F1L°0 (eD‘H+)oH 6T zda L40°0 Fee'8 06z F08%9 T T 1L°0F0€3S 0TE—9T80AM
1€°0 F60°C S0°0 Fr9€— £0°0F26'ET ¥0°0 F09°0 °H 8T oa $0°0 F¢0'8 0LT FOVP9 € T 2€'0F00'6¢ 6870180 M
L€°0 FreL $0°0 FOT ¥ — $0'0FEE' ST ¥0°0 F0L°0 H 0z va ¥0°0 F61°8 0L  F066% 6‘c 4 6% 0FTL'8Y L8€+2080AM
920 F19°2 $0°0 Fe8'€— €00F IV V1 20'0 F9¢°0 H %4 va €0°0 F96°L 06 F0z9¢ [4as 4 68°0F0£°€TT 9L9—2GLOAM
I 11°0 Fie'tT S0°0 Feegg— €0°0F8z €1 €0°0 F19°0 (eD‘H+)°H [44 vzd €0°0 F¢0'8 01z F00LL 2zt € €7 0F650TT TLT—8ELOAM
9¥'0 F29'€ €00 FE6'€— €0°0FGL VT €0°0 F€S'0 H [44 dva €0°0 F26'L 09 Fo1eg € T 0€°0F18°0¢ THF9+RTLOAM
0 FLY'G ¥0°0 FrO'v— S0'0F60°GT €0°0 F95°0 °H 61 oa ¥0°0 F66°L 08 F0z0g T T 10°TF9E 69 0L9—80L0AM
8T'0 F10°2 $0°0 F09'€— €0°'0F98°€T €0°0 F€9°0 H ¥e va €0°0 FL0'8 0FT F0699 €21 € €T 0Fve 8y £90—6390AM
¥2'0 F10°2 S0°0 Froe— ¥0'0F96°€T ¥0°0 F09°0 H 61T va ¥0°0 F10°'8 09T FO01€9 T T 88°0F6L'8S 06£—8390AM
LT°0 FeS'T 90°0 Fer'e— SO0FIG €T S0°0 F19°0 H 6T va €0'0 F€0'8 02z F00TL LT 4 €L 0FVL OF V86E€—T1990AM
280 F99°2 400 FoL€— S00FZT VI S0°0 F89'0 H 61T va 90°0 Fr1'8 02T F09€9 LT T €L 0FVL OV g86€—T1990AM
11°0 F06°€ €0°0 F6L€— €0°0FLEVT 10°0 ¥66°0 H ¥z va 200 F19'8 00T F002L 544 T 1€ 0FS6'VE STO+PPO0aM
M 9€°0 FreL ¥0°0 F0z v— €0 0F VP QT 20°0 F06°0 H €T za €0°0 F67'8 06 Foeve [4a¢ 4 €9°0FTT 99T TP0—29S0aM
r 20 FLI'E €0°0 F08'€— ¥0'0F9E VT 20'0 F0L0 (O+)eH (44 ddva 20'0 F02'8 0L  FO0LT9 TT T 68°0FVL 68 T00—8YS0AM
¥Z'0 F65°€ S0°0 Frie— $O'0OF6T VT €0°0 F¥8°0 H %4 va ¥0°0 F6€'8 OFT F0€89 8‘e 4 0% 0F80°9¥ 6L0+TTS0AM
3 L0°0 F08°'T €0°0 FLT'€— 70'0FST'ET 10°0 FOT'T H ¥z va 200 F18'8 08T F09211T € T €T 0FST 0¥ $00—LSF0AM
' ¥1°0 F98°T ¥0°0 F19°€— 70'0F88'€T €0°0 F€S°0 (O+)eH 1€ ba €0°0 F26°'L 02T F0629 TT T 12 TFV0°90T 880—GEVOAM
€€°0 FeT'8 ¥0°0 Feo v— €0°0FLG ST $0°0 FeL'0 H L1 va 700 ¥2T'8 0L F098¥ 8‘e 4 82 0F€9'8Y PPO+ETTOAM
08°0 F60°¢ S0°0 F20¥v— S0°0F20'ST S0°0 F€9°0 °H 1c oa 90°0 F€6°L 00T F066% T T L0 TFI¥' 08 PIO+PPEOAM
1 90°0 FEV'0 60°0 ¥69°2— 80°0F69° 1T $0°0 F82'0 H 6z va 80°0 F62°L 0Le Fovie 221 € 1€ TF0E T €L2—92E0AM
q €8°0 Feg'e ¥0°0 F10¥— €0°0FV6 V1 €0°0 F99°0 H 0€‘62 HZVA ¥0°0 F21'8 0L  Foogg 9‘e 4 € 0FEL LS 6T0—2ZE0aAM
q ¥0°0 F61°0 11°0 Fri'e— 60°0F2L 0T 20'0 F6Z°0 H 6T va <0°0 F8Z'L 00L FO09LIT T T 0z TF9L 0E 679—TTE0AM
S0°0 F0Z'0 11°0 FOT'2— $0'0F0E'TT ¥0°0 F¢9°0 H 144 va ¥0°0 F90°8 0€0T F09¥ST vzt € 0e TF8S 96 889—0TE0AM
80°0 F19°0 80°0 FI18'C— 2T 0F91°2T 90°0 F99°0 H %4 va 100 FOT'8 0ze FO8Y0T T T 0e'ZFGS ¥ S0L—GST0AM
62°0 FOV'T ¥0°0 F29'€— $0'0FE6'ET €0°0 FE€L'O H 62 Zva €0°0 F€T'8 0FT F0689 €21 € 6% 0F L8 LY 920—E£VZ0AM
30 0T°0 F08'2 10°0 Fr8'e— ¥0'0F0S VT 10°0 FL8°0 H LT va T0°0 F86°L 0z Fo08¢g € T 82 0F60°LY 652+9620AM
17°0 F8€'T S0°0 Feg'e— 90°0F9¢ V1 ¥0°0 FS¥'0 H 8T oa 90°0 FLL'L OTT F0L2¢ T T 9T TF16°CS T —E€£T0AM
200 F¥0°0 PIO FIV 1— €T0FSS 0T 20°0 F19°0 H 144 va 60°0 FL6°L 0T9TFOV1ZT T T 0€ TF08°1Z 62£—9220aM
F o F o 12 0Fge ST F - s 8T oa o F oo s F o T T L9°2F06°8C 162 —2CT0dM
9T°0 F8€'T S0°0 FeT €— S00FO0T €T €0°0 F28'0 H 144 va 700 F¢€'8 01Z F0006 € T 28 0FGL0S 96£+€120AM
8T'0 FL0'T 60°0 F9 €— €T0FS0€T 80°0 FES'0 H PX4 va 60°0 FE€6°L 08% FOTLL T T L8 TFCT¥H 62 98Z+05T0AM
810 F¥6°0 600 FI1'€— €0°0F6L°CT 2400 F€9°0 H ¥z va 80°0 F¢0'8 06e F0998 g‘e 4 0€°0Fz0'8S T79+8FT0AM
€1°0 Fe-'T $0°0 F09'€— 20'0F98°€T €0°0 FLG'0 H 9z Zva €0°0 FL6'L 0Z1T F08€9 T T 6L°0F08° 10T SLO—TPTOAM
20°0 F62°1T €0'0 F0Eg'€— $0'0F0Z €T 20'0 F99°0 H 144 va z0'0 FIT1'8 0T FOV6L € T 65°0F96 V¥ TSTH9ETOAM
9T'0 F¥S'0 ST'0 FeL'T— FIOFST'TT 010 F29°0 °H <z aa T1°0 F90°8 0€8 FOT160T T T 6T TFST'6T TTE—L2TO0AM
€L°0 F61°€ 400 Fy8'€— 0T 0F9¥'¥T 90°0 Fg9°0 H 6T va 100 FOT'8 09T FO018¢ T T 88 TF68°CY 097 —€2T0AM
0T'0 Fev'T ¥0°0 Feve— ¥O'0OFST'ET €0°0 F8S'0 H ¥T va €0°0 F66°L OFT FO080L € T 6E 0FLLEY LIT—€500aM
3 9€°0 Fev'e ¥0°0 F6L€— €0°0F1T VI 20'0 FL49°0 (eD‘H+)oH €T za €0°0 F9T'8 OTT F0€19 PzT € ST TFLETET 120+9%00aM
° ¥€'0 FET'¥ €0°0 Fr6'€— €0°0FTIL VI €0°0 F2S'0 (H+)°H [44 sedda €0°0 F26'L 09 Foegzg €21 € GS'0F99°0TT 922 —8£00AM
0T'0 F2¢°0 0T'0 F29'2— 60°0FL1°CT ¥0°0 FS6°0 H 12 va <00 Fre'8 018 FOVSvI T T LS TFIV IV 209—FE00AM
LT°0 F19°C 200 FI8'€— ¥0'0FTH VT 20'0 FLE'0 H 0z va 200 FL6'L 09  F0g9¢ € T ST OFOT gV S0+9200aM
$1°0 F99°T S0°0 FLGE— S0'0FS8LET ¥0°0 FE€S'0 H 61T va ¥0°0 F68°L 0ST FOveo T T OT TFLLTS 12L—T1T00aM
po 200 F8V'T 10°0 Frie— €0°0F0g° €T €0°0 F8S'0 H 8T va 700 F66°L 0ST F020L € T 0€ 0FLT'EY TH+8000AM
ge'0 FeT'e $0°0 FoL€— S00FLT VI €0°0 F89°0 °H LT oa €0°0 F81'8 00T F0829 TT 4 0% TFTS 0L SPE—0000AM
8T'0 Fe8'T ¥0°0 Fog€— €0'0F6€€T 20'0 F€8'0 H 9T dva 200 FLE'8 0LT Fo6€8 TT T 68°0F LV 1T PEY —69ETAM
(1) (e1) (z1) (1) (o1) (6) (8) (L) (9) () ) (g) (z) (1)
030N (1£D) O /7 801 Ap O/ duwop ‘3o odATL, 6 Sor (1) 3oy x jo (seur) aure N
q°3V rexyoodg ey oN o Poydopy am

SYALANVIVJ TVOISAHJ
P A19v,

29



‘[66°0T—

=oH/®D Bo1] ‘[g'¢—=oH/H o] pepnour [popowr oroydsourje 41y 3509 oYL,

‘pojdope

sem [opowr -omd ® ‘sniyy puw sxoydsomie pejeumop-of © 10§ dieys 003 oxe sour 3 73 H v ous ‘[108)[T¢ 30 elouprmmers] &q ino pojurod s ‘eroods oys ur juosord oIw SOUI| IOWI[RE OU S[IIMy

‘[9'9—=oH/D 8o[] pepnour [epow orreydsowye 313 4804 YL

‘[6v"9—=0H/D So1] pepnroul [Ppow drreydsowye 1 350q OYL

“UI03SAS o1 071I030VIRYD A[OIVINDOT JOU SO0 [OPOW ILIS O[FUIS © ‘SNIY puv AIvUIq POA[OSOIUN WE ST 390(qO SIY3 JEI OOUOPIAD ST OIOY3 I0AOMOT (AL O[FUIS ® WO poseq ore srojomreied [EOISAUJ g

oY) seyIULPT () UWM[0d Joy oY,

‘Z1H woxy pejoenyxe Arjewojoyd zzu6n SSAS WOy POALIOP seM (JHS oY) ‘snyj ‘pourejqo sem Lxjourojord 7y Ag [eo13do oNg

‘[tg-ot-=om/®D 8o1] ‘[g'g-=oH/H So[] pepneul Ppour oLRYdsOwIE 315 450 OUL

‘[Tz T-=H/°H So[] pepniout [epow orreydsowye 31y 159q oYL,

‘Aroaryoadsax ‘2ub 10y $g'GT pPU® ‘Lg°CT
‘Zp'gT oae senfea orjewojoyd “IYBIu orjewosoyd v o odoosale) W-g T SAON OUI 3¢ UeNe) 146 SSAS POZIPIEPURIS WOIy POALIGP Sem HS oI ‘Snuy ‘pouresqo sem Anowoloud [y Ag [eondo oNy,

‘pueq-A 9Y3 Ul peanseew sem opnjrusew juesedde ou jeyy uears 3y [opowt oudydsowje 3soq oYy woay paurwasgep st Ay,

“owgoyr] eousnbos-urew SFuipniout jou ‘K[uo oFe Bul0od AMq

‘xe[[eied yowe jo (s)eoinos
‘san[ea 959y SuISN paulWIelep d1om siejewresed [9POJN ‘wWeIsAs e 10j suorjeurwielep xe[[ered o[dij[nwl Jo sased Ul sueLW pojySrem ote soxe[[esed pajdope oYL,

m 0T 0F¥T' 1T S0°0F0€ €~ €0°0FITET €0°0F09°0 (O+)eH 1€ oa v0'0FV¥0'8 08T F0T8L €'c 4 9€°0Fc1 ¢¥ T07+esecam
3o TO0FIE0 10°0F8e'CT— ¥00FGSIT T0°0F29°0 H 144 va 10°0F20'8 0¥ F000€T v'e'e € 07 0F¥T €9 zzetivecAdm
$0'0F¥¥ 0 90°0F29'c— €0°0Fe8'TT €0°0F09°0 H 170¥% AZVA €0°0F00°'8 09¢ FOPTILT g T 6€°0F66°99 670+9262AM
LO0FSPO 80°0FS9°T— €0°0F96°TT S0°0F¥S 0 °H €€ aa 90°0F€6°L 0LV FOT60T STV 4 6T°0FIG LY 169—L0€CAM
N S80°0FET 'L 10°0FOF ¥ — €0°0F¥0°9T 10°0F2S'0 (eD+)°H €z zd 10°0F26°L 00z F000¥ [4as 4 IR 0FI0°LTT 0L0—1522AM
9S°0F0S'9 ¥0°0F0T ¥ — ¥0'0F€9°GT ¥0°0F0S°0 H 3 oa S0'0FL8'L 09  FOTI¥¥ LT 4 66°0F LT 99 V¥SL—92CTAM
TSOFIV'L 70 0FO0E v — 70'0FS6°9T ¥0'0FIS0 H 6€ oa S0°0F68°L 0L Fo00g¥ LT T 66°0FLT°G9 gveL—92ecdM
n 6T°0FSL0 €T°0FE6'T— 60°0F0S'CT 60°0F€9°0 (eD‘H+)°H 8¢ za 0T'0F60°8 099 F0LL6 1 T TS TF66'8€ 289—9T22AM
Y7 0F9T L YO OFIT ¥ — €0°0F29'9T 70°0F95°0 H LT oa 70'0F86°L 09  Foegv € T 8T 0F6T 67 89€+512CAM
65 0FLT'T 90°0F88°€— SO'0FSS T 70°0F08°0 H 1z va S0°0F€E’'s 091 F0319 PIT T SO TF9E°€C T6E—T12CAM
L2°0F6E°T LOOFTP €— 90°0F¥S €T 70'0FL6°0 H 144 va S0°0F6S°8 0ze F0068 1 T 2T 1FEC 09 $SL—69TTAM
$O'OFTI¥0 90°'0Fg9'z— LO0FTL IT €0°0F¥¥ 0 H 61 va S0°0F69°L 0LZ F0900T 1 T 8T TF9S 0¥ GET—€ETTAM
8% 0F99°€ 70'0FS6°€— $0'0FS8'FIT €0°0FL¥ 0 H 143 va $0'0F08°L 0L FOL6¥ € 1 TS OF6I 1F 070+6T1T2AM
19°0F10°'% 90°0F€6°€— L0'0OFLLFT S0°0F6¥°0 °H 61 oa 90°0F98°2L 01T F091¢ 1 T e TF9G'EF 88¢—8TTTAM
€0°0FLT°0 80°0FS0°T— €0°0FOT'TT €0°0F8S°0 H 144 va €0°0FV6°L 099 F09zgT g‘e'e € €9°0F99°L9 6£9+L11CAM
60°0F86°0 S0°0FV0'E— 90°0F89°CT €0°0F8L'0 H 144 HZVA ¥0'0F62°8 ove F0286 [4as 4 6 TFI8¥9 028—S0TZAM
8% 0F€0'¢ €0°0F66°€— ¥0'0FS8' VI €0°0F¥9°0 H €€ va €0°0F60°'8 09 Fozeg LT 4 YL 0FTh GL £67—L502AM
S0°0F9€°0 L0°0FLET— €0°0F¥8'TT T0'0FC8'0 H ¥T va €0°0F€e's 069 F00971T 8‘e T 8T 0F6V7'8S TLE+FLVOTAM
60°0FcL0 L0°0F€6°T— 80'0FI¥'CT S0°0F€9°0 H 1z va 90°0F¢0°'8 00€ F0T96 1 T TO' TFIE 1€ 69£—GE0TAM
65°0F96°C 70 0Fg8 €~ €00FISTI €0°0F09°0 H €€ zZvda 70'0F€0'8 06  FO¥9g € T 9 0FTT VY TLT—8Z0TAM
S0°0FLS0 S0°0F€LT— €0°0FceT et Z0'0FL9°0 °H 44 vbdaa €0°0FGT'8 00¢ F0TTIT vt 4 07 0F¥8S6 LL0—LT6TAM
8T'0FS0°0 67 0F9V T— 0T 0F¥L 0T 80°0F0L°0 °H 61 aa 60°0FLT'8 0F9LF09€€T 1 T 9T TF¥L 9T 29E—6T6TAM
1€°0F10'% 70 0Fe8 €~ €0°0F9L° ¥ €0°0F8L°0 °H 44 daxa $0'0FTE'S 0zZ1 F0€€9 4 z 9€°0F8E'8S LPS+628TAM
0€'0F12'T S0°0FeLE— €0°0F 1T T S0°0FLS 0 H 6T zZvda S0°0FL6°L 0e€1 F0€69 € 1 69°0F89°€9 1E€T—128TAM
ZEOFIT'T 90°0F6L'E— SO'0FISFI S0°0F0€°0 H 61 oa 80 0F¥¥ L 0eT F096¥% 1 T 65°0FLOVE 869 —LISTAM
€9°0FES' T €0°0FI10°F— €0°0FL6' VT €0°0FSS°0 H L€ va €0°0FV6°L 09 F0z0g er'e‘t € 9Z'0F2¥ 99 PEI+PIRTAM
1¢°0F0¢'E €0°0F06°€— €0°0F99°FT €0°0F6S°0 H L€ va ¥0'0F10°8 0L Fovve €1 4 LZ°0FS9°LY EPT+9GLTAM
89°0F15'L 90°0F 1T ¥ — ¥0'0F€9°ST S0°0F9S5°0 H €€ oa 90°0FL6°L 0z1 F0egv 1 T S0 TFVO' VL SPS—EPLTIAM
3 0T'0F69°0 80°0F€6°T— €0°0F2S'TT S0°0F¥S 0 (O0+)°H 1€ oa 90°0F€6°L 0LE F08%6 e'c 4 S 0F9S'EV LPT—80LTAM
ze 0Foz'e €0°0F98°€— S0'0FES T €0°0F€9°0 H ye va €0°0FL0°8 09  F0L9¢ 1 T e 1FC9LL 680+0€9TAM
20°0F€0°0 ET0FPeE T— €0°0F08°0T ¥0'0F€9°0 H 144 va S0°0F00°8 09LTF082€T TTIT'P'e‘T < 9€°0FGT 8L 16€—029TAM
s ge0Foee €0°0F98°€— €0°0F62°FT €0°0F1S°0 (eD‘H+)°H 9g zd €0°0F06°L 0L  Foers € 1 TL 0Fge'Te 6ZT+TESTAM
q 90°0F89°0 L0°0FT0 €~ 60°0Fcv Tl €0°0F¥Z 0 H Lz va LOOFST'L 0zz F0LOL 1 T 98°0F80°1Z 06T —L¥PTAM
¥I°0F09'8 €0°0Fee v — €0°0FLLGT 20°0F06°0 H 44 oa €0°0F6¥'8 09  F0¥0g ezTT € 9G°0F0L°EL PLI—FFPPTAM
S90FI¥' ¥ 70°'0F96°€— SO'0F¥P8 I 70'0F8S°0 H g€ va 70'0F66°L 0L Foegzg 1 1 £€6°0F29° LY 0FE€—6EETAM
98" 0F6T 'L 70 0F9Z ¥ — ¥0'0F¥8'GT $0'0F1S°0 H ¥e oa S0°0F68°L 0L Foszy 1 T 00° TF10°29 TSO+8EETAM
¥0°0F22 0 60°0F12T— ¥0'0FO0E'TT €0°0F8S°0 H 144 va YO 0F¥6 L 099 F066€T 11'v'e'e ¥ LU TFPEC9 €80—LTETAM
OT'0FET'0 2 0FG6° T— 9T'0F66°0T IT0FPS0 H 44 va VI 0F98 L 072z F00LGT 1 T LT TFTT LT €ST—VIETAM
N 9€°0F8S'9 S0°0F0T ¥ — S0'0F€e' 9T S0°0F6S°0 (eD‘H+)°H €T zd S0°'0FE€0°'8 08  FO¥9V € T YL OFST'EY 86T—ETETAM
€L°0FV8'C LOOFTI8 E— TTOFLETT 90°0F0S°0 °H €€ oa 80°0FS88'L 09T F099¢9 1 T 0 ZFSVEY 86L—TVZTAM
(€29) (e1) (z1) (ro) (o1) (6) (8) (2) (9) (2) ) (g) (z) ()
930N (14D) O /7 801 Apr O/ dwop ‘Joy odAT, b Sor (1) BEIts x jo (seur) sure N
q®3V re1joedg e ‘ON o poydopy am

panUUO) — ATAV],

30



[szeTh[mosuiqoy y meinon] (1r) *[2661D[Te 35 15350031] (ov) “[200eD T2 35 zowos] (6g) [S002h[Te 35 153s003]] (sg)
‘[g002) 1o 30 surdor] (L) ‘[Tr0gh[ T2 30 103003 (9g) ‘[g00gh[Te 30 surder] (¢g) ‘[g102) 1o 30 seikeg(ve) “Adoosonoods siom stqy (g€) ‘[T00z)|worosiog 25 »mal (ze) ‘[c00z
Lre e tutiedl (08) ‘[£00e) ['1e 30 ueutiosong] (62) ‘[100g)['[¢ 1o touteoyueddo] (8z) 900g)|souuon zp wimest (22) ‘[orog) [ty 73 seqadl (92) [1002)[ 12 1o ipruruos] (c2) ‘18 30 seuruuerp] (¥z)
‘e 30 anoyn (gz) ‘(z102)| 18 10 ayortmwern| (zz) (L002)| 18 19 oSeaeseqng| (1) ‘(¢10C)| 1% 30 seSowr| (0z) ‘[800z)| 18 12 o8eaeseqng| (61) ‘[700z)| 18 30 eymesy (87) ‘[L661)| 18 10 uoialiog]
(£1) ‘[¥002)| 1% 10 opripenp ieuzy| (91) ‘¥ uworuedwods gy DI, [910g) | 1® 10 uwersepurd (¢1) ‘x [L00z)|1e 10 jueinoond| (1) ‘v [6002)| 1& 10 ourdoT] (g1
(1) ‘x uoruedwios [g661) Te 30 euosly uea) pdx (11) ‘x [croe)[1e 30 seqada] (01) ‘» [gr0g)[Te 30 sewtuuern| (6) ‘= [600g)[ueqon 73 poomesen|(g) ‘x uoruedwoo (IJOILD) 4om stus (L) ‘x [€£002)
‘18 38 3iewg| (9) ‘¥ SVOL [9102)] 1% 30 usiSsepur| (g) ‘v [L00g]uemnse uea) soounddiy (¥) ‘x (SAON) M10om siyy (g) ‘v [G66T] 18 32 vuelly ues) DAA (2) ‘¥ (IJOLLD) 10m styy (1) — ‘seousisgey

‘[p1'g—=0H/D So1] pepnioul [opowt drroydsowrte 413 4599 YT, 5

‘pojunodoR jou ore owrSer SIYY UT §300jj0 oinssord [RUOIIIPPE UYOIYM 10§ pUR PLIS [OPOW oYY JO JIUIN oYY ST 0anjeIoduro) SAIIOLYIH ,
‘[e9'g—=oH/eD So[] ‘[0°'g—=°H/H So[] pepn[oul [opow drreydsowye 313 3899 SYLy,
‘[16'g—=om/0 Bo1] popnioul [epow orreoydsowse 313 4599 YL,

‘[ge'6—=oH/eD So1] ‘[0°'g—=0H/H So[] pepn[out [9pow drroydsowye 313 3594 dYLg

‘[gz T —=0m/®D Bo1] ‘[0°¢—=90H/H So[] pepnPul [ppow drrOYdsow e 15 350 OYL ¢
‘[eT'2—=oH/0D Sol] pepnioul [ppow dreydsowie 313 3599 ALy,

‘[81'¢—=oH/D So[] pepniout [ppow drreydsowse 33 389q OYL g

‘arqer[edun A[oyI] o1e siojowered PoALILOp ‘snyj ‘paure)qo sem 31y [opouwr A1030vjSIjes ON
‘[2g'01—=oH/®D 8o1] ‘[L'¢—=oH/H So[] pepn[Pul [ppow d>LroYdsOWIE 31J 3599 YL
‘[9z:6—=oH/eD Sol] ‘[0°'g—=0H/H So[] popn[dul [opow drroydsowe 31 3899 YL

31



TABLE 5
WD1242—-105 VITAL PARAMETERS

Spectroscopic Results

Period (days)..........c.eeeeee... 0.11885 4 0.00056
Qe 0.685 & 0.013
Kl (kms™ )., 184.6 4 2.3

K2 (kms™) ..o 126.5 4 1.9

vl kms™H) o 28.3 £+ 1.7

v2 (kms™h) 44.8 &+ 1.9

Ay (kms™) oo 16.5 £+ 2.2

TABLE 6

CONTRIBUTIONS TO THE 25 PC WD SAMPLE

Parallax Program All T Terr < 10% Refs.
Yale Parallax Catalog 104 91 1
Hipparcos 5 5 2,3,4,5
Torino Observatory Parallax Program 2 2 6
Ducourant and Collaborators 1 1 7
Pre-2009 Sample 112 99
Allegheny Observatory Parallax Program 4 4 8
Lépine and Collaborators 2 2 9
Gianninas and Collaborators 1 1 10
TGAS 2 2 11
Hipparcos Companion 1 1 12
CTIOPI 47 47 12,13
NOFS 20 20 12
CTIOPI and NOFS 3 3 12
Total 183? 179

2 As poor trigonometric parallax determinations, i.e., parallax error > 10%, are updated
with robust determinations, their counts are removed from this total. At present, only four
WD systems still have poorly constrained parallaxes.

References. — (1) [van Altena et al.|[1995] (2) [van Leeuwen|[2007, (3) |Gould & Chanamé]
2004, (4) [Mugrauer & Neuhéuser|2005, (5) |Chauvin et al.|2006} (6) |Smart et al.|[2003] (7)
Ducourant et al.[[2007, (8) |Gatewood & Coban|2009, (9) [Lépine et al.[2009} (10) |Gianninas]
et al.|[2015, (11) [Lindegren et al.|[2016] (12) this work, (13) [Subasavage et al,[2009.
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TABLE 7
25 pc WD SKY DISTRIBUTION

Declination 7 of # of New
Range Systems  Systems
4+90° to +30°. ... 33 9
+30° to +00°. ... 37 11
Total (North)................ 90
—00° to —30° ... ..o 28 13
—30°t0 —90°. ...t 28 20
Total (South)................ 89
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