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Photometric and Spectroscopic
Observations of the Nearby Sample

The nearby systems are of special interest, so we obtained photometric and spectro-

scopic observations to better limit and understand the nature of these objects. In all

we obtained photometry for sixteen and spectra for twelve of the thirty-four 25 pc

MINIMO sample.

5.1 Photometry

All but two nights of VJ ,RC , and IC photometry observations were made with the

Tek 2 VRI filter set using the CTIO 0.9 meter telescope equipped with a 2048 x 2048

Tektronix CCD camera, yielding a 0.′′401 pixel−1 plate scale (Jao et al. 2003). Two

nights in 2005 August were taken with a standard Kitt Peak VRI filter set using the

CTIO 1.0 meter telescope equipped with a OSU 4K x 4K CCD camera, yielding a

20 x 20 arcminute field of view and a 0.′′289 pixel−1 plate scale. Results for systems

within 25 pc according to their plate and 2MASS magnitudes are listed in Table 5.1.

All VRI values were obtained between 2003 October and 2006 November. I also list

the number of observations, 2MASS JHKS photometry, spectral type, photometric

CCD distance estimates, and notes.

For the VRI photometry, bias and dome flats were taken at the beginning of each

night and used to calibrate the science frames during reductions. Science stars were

observed between 1.11 and 1.75 airmasses with a range of exposure times depending

on the brightness of the star. Typically, at least eight standard stars from Graham

(1982), Bessel (1990), and Landolt (1992) were observed between 1.0 and 2.0 airmasses
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each night to calibrate the VJRCIC system and to calculate extinction corrections.

All the data were reduced using the Image Reduction and Analysis Facility (IRAF)

following the CTIOPI Photometry Reduction User Guide written by Wei-Chun Jao.

The initial bias subtraction, flat fielding and overscan are done with a customized

IRAF package called redpi (Jao et al. 2005). After this initial processing of the raw

data, each image is checked by eye for cosmic rays, crowding around the science star,

and to obtain the average Full Width at Half Max (FWHM), which changes from

night to night. The next step is to tag the standard stars with a circular aperture

of 14′′ in diameter to match Landolt’s (1992) observations of standard stars. Once

all the standard stars have been tagged, a sky annulus of 20′′ in radius with a 3′′

width is used to determine the background counts (Jao et al. 2003). Instrumental

magnitudes are extracted using the IRAF task apercorr and grouped into a master

file. The transformation equations from Wei-Chun Jao’s Photometry Reduction User

Guide used to obtain apparent magnitudes are

V = mV + a1 + a2X + a3(mV −mI) + a4(mV −mI)X,

R = mR + b1 + b2X + b3(mR −mI) + b4(mR −mI)X,

I = mI + c1 + c2X + c3(mR −mI) + c4(mR −mI)X.

Where V, R, and I are apparent magnitudes for standard stars, mV RI are instru-

mental magnitudes from IRAF, a1234, b1234, and c1234 are transformation coefficients

and X is airmass. The IRAF task fitparam is then used to obtain transformation

coefficients that were used for the science star photometry.

The science stars are then checked for cosmic rays and tagged using the same

method as above with a circular aperture of 14′′ in diameter. A few stars had other
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sources within this aperture, so an aperture correction was used with an appropriate

circular aperture of 7′′- 8′′ in diameter to minimize stray light. Instrumental magni-

tudes were then obtained as above using the IRAF task apercorr. The final VJ ,RC ,

and IC magnitudes are extracted by applying the transformation equations using a

custom Perl task written by Wei-Chun Jao similar to the IRAF task evalfit. Errors in

optical photometry have been analyzed in Henry et al. (2004), where a full discussion

can be found. I adopt the same error of ±0.03 mag in each band, and the results are

listed in Table 5.1.

For CCD distance estimates, VRI photometry from CTIO observations and JHKs

infrared photometry extracted from 2MASS are used to generate 12 colors that are

utilized to compute estimates as described in Henry et al. (2004). Briefly, fifth-order

fits are used for the 12 colors with any higher order not improving the fits in any

meaningful way. All estimates assume that the objects are single, main sequence

stars. The reliability of these distance estimates has been investigated in Henry et al.

(2004), where a sample of 140 stars used to generate the fits were run back through

the relations, yielding an accuracy of 15.3% for this technique. Henry et al. (2004)

also show that for the reddest dwarfs the accuracy is remarkably better at 9.3%.

CCD distance estimates are more accurate than plate estimates determined from the

SSS BRI and 2MASS infrared magnitudes, which have errors of 26% in estimated

distances. In Table 5.1, I list CCD distance estimates for 16 of the 34 systems with

distances within 25 pc according to their plate and 2MASS magnitudes. Of these 16

CCD distances, six have estimates that are greater than 25 pc with only three of the

six greater than 30 pc. These are, however, still approximate until parallax data is

obtained for final distance determinations.
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5.2 Spectroscopy

All spectroscopic observations were made with the CTIO 1.5m telescope equipped

with a Ritchey-Chrétien Spectrograph and a Loral 1200 x 800 CCD camera. The

results listed in Table 5.1 are from observations taken between 2003 December and

2006 December. Grating number 32 was used covering wavelengths from 6000 to

9500 Å with a resolution of 8.6 Å. Bias and dome flats were taken at the beginning of

each night and used to calibrate the science frames in the reductions. Observations

were taken at an airmass of less than 2.0 with a slit width of 6′′ at various exposure

times ranging from 10 - 1800 seconds. Three targets (SCR 0630-7643, SCR 1240-

8116, and SCR 1245-5506) were observed before 2006 with a 2′′ slit width and may

have flux calibration problems. Two exposures were taken of each object to help

in the removal of cosmic rays and were then combined into a single spectrum of

each object. After each science exposure, a He-Ne-Ar comparison lamp exposure was

taken for wavelength calibration. Standard stars (white dwarf or main sequence) were

observed to enable flux calibration. The spectra are plotted in Figure 5.1, and they

are normalized at 7500Å with the addition of an integer to fit on the plot.

All the data were reduced using IRAF with bias subtraction and flat fielding done

using the standard IRAF tasks. Reduction was done following the steps in a User

Guide to Spectroscopy Reduction, which I wrote after learning how to reduce spectra

from Thom Beaulieu. After the initial processing of the raw data, the next step is

to check the background fit by using the IRAF task background. Once this is done

we can extract the apertures using the IRAF task apsum on spectra of the science

stars, flux standards, and comparison lamp spectra. This procedure extracts a com-

parison lamp image for every science/flux standard image using the same extraction

parameters. The IRAF task identify is used to identify known features within the
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spectra. Sensitivity functions were created for each standard using the IRAF task

sensfunc and then used with the IRAF task calibrate to apply extinction and flux

calibrations to all the images. The final step is to clean the images by clipping cosmic

rays and bad columns using IRAF task splot. Spectral types listed in Table 5.1 were

assigned using an updated version of the ALLSTAR program, which is described in

Henry et al. (2002). This program matches spectra from a list of standard spectra in

the RECONS database.
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Figure. 5.1 Spectral plots of new SCR discoveries estimated to be within 25 pc. Note
that spectra of SCR 0630-7643AB, SCR 1240-8116, and SCR 1245-5506 were taken
with a 2′′ slit width and may have minor flux calibration problems.
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Analysis

6.1 Color-Magnitude Diagram

Plotted in Figure 6.1 is a color magnitude diagram comparing the new SCR objects

(open circles) to the known objects (small points) from this MINIMO phase of the

search. As in TSN Papers XII and XV, the bulk of the new discoveries are fainter and

redder than the known stars, including three objects, SCR 0838-5855, SCR 1826-6542,

and SCR 2241-6119B with R59F − J > 5.5. Unlike the sources extracted in previous

efforts, there are more new discoveries featured in this search that are brighter and

bluer than before. In fact, there are nine new discoveries with R59F brighter than

10th magnitude that had not been identified previously. The point at R59F = 8.14

is SCR 1914-7109, which is too blue for us to estimate a distance using the plate-

2MASS relations. CCD photometry and spectroscopy observations would clarify its

true nature.

As in comparable plots in previous papers, several white dwarf candidates are

clearly separated from the bulk of the sample. The subdwarf population is less well-

defined, but a population of subdwarfs can be detected below the concentration of

main sequence stars.
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Figure. 6.1 Color-apparent magnitude diagram for SCR systems (open circles) and
known systems (small points) with 0.′′50 yr−1 > µ ≥ 0.′′18 yr−1 from −90◦ < δ ≤
−47◦. Data points below our search cutoff of R59F = 16.5 are CPM companions
noticed during the blinking process.
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6.2 Reduced Proper Motion Diagram

Shown in Figure 6.2 is the reduced proper motion (RPM) diagram for objects found

in this search, similar to the RPM diagrams shown in TSN Papers XII and XV. The

RPM diagram relies on the statistical (inverse) relationship between proper motion

and distance: objects that have larger distances generally have smaller proper mo-

tions. As such, it can be used to separate white dwarfs and (less clearly) subdwarfs

from main-sequence stars. While this assumption is not always valid, it is a fairly

reliable indicator of luminosity class for most stars. As in previous papers related to

the SCR search, the relation used to determine HR is

HR = R59F + 5 + 5 log µ.

A comparison of Figures 6.1 and 6.2 shows that the RPM diagram is slightly better

than the color magnitude diagram at separating the three samples, in particular the

split between subdwarf and main sequence stars.

There is a clear break separating the white dwarfs from the rest of the sample.

The arbitrary dashed line between the subdwarfs and white dwarfs is the same as

used in TSN Paper XV, although the proper motions are smaller. In this region of

the diagram, I find 15 new white dwarf candidates: SCR 0004-6120B, SCR 0018-6851,

SCR 0104-5742B, SCR 0150-7207, SCR 0245-6038, SCR 0252-7522, SCR 0311-6215,

SCR 0355-5611, SCR 0840-7826, SCR 0857-6032, SCR 1821-5951, SCR 2016-7945,

SCR 2020-7806, SCR 2032-4948B, and SCR 2354-6023. Two additional candidates,

SCR 0429-5423B and SCR 1257-5554B were noticed while blinking to have the colors

consistent with a white dwarf, bringing the total number of white dwarf candidates

for this search to 17, but both lack the 2MASS data to plot in the RPM diagram. One

object SCR 1800-5112B is a close double with blended photometry in SuperCOSMOS,
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which puts it inside the white dwarf regime of the RPM diagram. The infrared colors

however are not consistent with a white dwarf, and therefore is not considered a white

dwarf candidate. Of the 17 candidates, three (SCR 0104-5742B, SCR 0150-7207 and

SCR 1821-5951) have been spectroscopically confirmed (results to be presented in a

future publication). Three more (SCR 0252-7522, SCR 0311-6215 and SCR 2016-

7945) have been spectroscopically confirmed in a earlier publication (Subasavage et

al. 2005a). Each is listed in Table 4.1 with a bracketed erroneous distance estimate

assuming the object is a main sequence star. I include a distance estimate based on

the assumption of the source being a main sequence member because large distances

can be used to flag possible white dwarfs. All the white dwarfs have distances for

main sequence luminosities beyond 400 pc except SCR 0018-6851, SCR 0150-7207,

SCR 0311-6215, SCR 0429-5423B, SCR 0857-6032, and SCR 1257-5554B, which have

blended SuperCOSMOS photometry, no 2MASS data, or are too blue for the relations.

In the notes I give more accurate distance estimates assuming the objects are single

white dwarfs by comparing the candidates to a sample of 47 white dwarfs of known

distance to calibrate the R59F − J color vs. MR59F
relation (valid for −0.25 < R59F −

J < 1.6) developed by John Subasavage. Errors in the distances are estimated to

be 13%. This brings the total number of white dwarf candidates to 31 for the SCR

survey.

To be consistent with TSN Paper XV, subdwarf candidates are selected to have

R59F −J > 1.0 and HR > 4.0 mag above the dashed line separating the white dwarfs

from the subdwarfs. As with the white dwarf cutoff line, the subdwarf cutoff used is

arbitrary, yet provides a fairly accurate distinction between the subdwarfs and main

sequence classes. Although some contamination of the sample is expected, we count a

total of 191 new subdwarf candidates from this search. This brings the total number

of SCR subdwarf candidates to date to 238.
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Figure. 6.2 Reduced proper motion diagram for SCR systems (open circles) and known
systems (small points) with 0.′′50 yr−1 > µ ≥ 0.′′18 yr−1 from −90◦ < δ ≤ −47◦. The
arbitrary dotted line separates the white dwarfs from the subdwarfs. Triangles denote
previously known white dwarfs.
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6.3 New Common Proper Motion Systems

In this search I found a total of 57 new likely CPM systems, including 55 doubles and

two triples (i.e. 59 companions). All primaries, companions and their proper motions

are recorded in Table 6.1, where the separations and position angles of the companions

relative to the primary stars are also listed. Twenty-three pairs of objects were

discovered via the automated search and were subsequently noticed to have common

proper motion. Twenty-six additional new SCR companions not revealed during the

automated search were noticed during the blinking process. Ten previously known

objects were noticed by eye to have common proper motions to SCR stars discovered

during the automated search.

In Figures 6.3 and 6.4, I compare the proper motions and position angles for

the 55 pairs having complete sets of µ and θ. Because of blending in four systems,

SuperCOSMOS data could not be obtained for the potential companion, and they

were too close to obtain accurate manual measurements. Values obtained through

the systematic SCR trawl are shown with filled circles, while open circles are used if

a companion was noticed during the blinking process of the SuperCOSMOS scans.

Data were then retrieved manually from SuperCOSMOS for the noticed companions.

Usually, such companions are fainter than the search cutoff of R59F = 16.5.

As is typical with proper motion surveys, the position angles of the proper motions

are better determined than the proper motions themselves, which are particularly

volatile at these relatively low values. Hence, the position angles are given greater

weight when deciding whether or not two sources really are part of the same system.

The average scatter for the proper motions and position angles are ∼0.′′020 yr−1 and

∼ 5.0◦, respectively, which is consistent with comparisons of SCR data to NLTT

and Hipparcos, as discussed previously. Distance estimates for multiple components
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within a factor of two are considered to be consistent, given the errors of the distance

estimating relations. Distances in parentheses are deemed unreliable due to either

lack of BRI photometry, used fewer than six relations, I photometry suspect or

because the primary is likely an unresolved double. If the distance estimate appears

in brackets it is unreliable because the star is a possible white dwarf or subdwarf

candidate.
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Figure. 6.3 Comparison of proper motions for components in multiple systems. Proper
motions from the automated SCR search are denoted by filled circles and proper
motions manually obtained through SuperCOSMOS are denoted by open circles. The
solid line indicates perfect agreement between the two and the dashed lines represent
conservative limits of 0.′′20 yr−1 based on our uncertanties.
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6.4 Comments on Individual MINIMO Systems

SCR 0630-7643AB was discussed in Henry et al. (2004). It is a new nearby

(∼7 pc) binary with separation 1.′′0 and brightness difference of ∼0.25 mag at IC .

SCR 0838-5855 has R59F = 16.11 and R59F − J = 5.80. This is likely to be a

late M dwarf at an estimated distance of only 8.4 pc. This is a high priority target

on our CTIOPI parallax program (Jao et al. 2005; Henry et al. 2006).

SCR 0927-6239BC are possible CPM companions to NLTT 21827. The B

component has a separation of 200.′′9 at position angle 92.0◦ from the primary. The

C component is not in 2MASS and has a separation of 316.′′2 at a position angle of

59.6◦ from the primary. See Table 6.1.

SCR 1257-5554AB was discussed in Subasavage et al. (2005a) as a probable

red dwarf/white dwarf pair.

SCR 1441-7338 has R59F = 16.14 and R59F −J = 4.95 with a distance estimate

of 19.0 pc.

SCR 1826-6542 has R59F = 16.43 and R59F − J = 5.86. This is likely to be a

late M dwarf at an estimated distance of only 9.2 pc. It is the reddest object found

in the MINIMO search.

SCR 1914-7109 is the brightest object found in the MINIMO search, with

R59F = 8.14 and R59F − J = −0.54. It is too blue for us to estimate a distance

using the plate-2MASS relations.

SCR 2057-6358ABC is a possible triple system with the A and B components

separated by less than 2.′′, and having blended SuperCOSMOS photometry, but which

are separated in 2MASS. Both the B and C components were noticed by eye during

the blinking process. The C component has a separation of 261.′′5 at position angle

121.6◦ from the primary. See Table 6.1.
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Discussion

Including all papers pertaining to the SCR proper motion survey, we have discovered

1967 new systems (2030 objects) with µ ≥ 0.′′18 yr−1 between declinations −90◦ and

0◦. Systems reported in previous papers are represented by filled circles in the sky

map of SCR systems in Figure 7.1; systems in this search are represented by open

circles.

The 1684 systems in this search comprise 86% of the entire SCR sample and

bring the total number of systems south of −47◦ to 1761 (1817 objects). From this

search, there are 17 likely white dwarfs and 191 subdwarf candidates. Six of the white

dwarfs (but none of the subdwarfs) have been spectroscopically confirmed, while the

rest remain to be targeted in future spectroscopic efforts to confirm their luminosity

classes.

Discovery statistics for the entire SCR sample, separated by distance horizons, are

given in Table 7.1. In order to be consistent with previous SCR papers, new common

proper motion candidates that are companions to known objects and probable white

dwarfs (because their distance estimates require a different set of relations) are not

included. For all proper motion bins except the last, we have searched the entire

southern sky; for the last bin only −47◦ to −90◦ has been searched. In the complete

sample of new SCR systems to date, 7 are estimated to be within 10 pc, and 67

additional systems lie between 10 and 25 pc. Of the 1684 systems reported in this

search, three are estimated to be within 10 pc, with an additional 31 between 10 and

25 pc. This illustrates that even in this relatively slow proper motion regime there

are nearby stars hidden in the solar neighborhood. Should they prove to be within 10
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pc, the three nearest stars reported in this search would rank as the 10th (0.′′311 yr−1

SCR 1826-6542), 11th (0.′′320 yr−1 for SCR 0838-5855), and 33rd (0.′′483 yr−1 SCR

0630-7643AB) slowest systems in the RECONS sample of 248 systems within 10 pc

(Henry et al. 2006).

Plotted in Figure 7.2 is a histogram showing the number of new proper motion

discoveries found in 0.′′01 yr−1 bins for the entire MINIMO sample (light shade).

From this we can see that if the SCR survey were to look at slower proper motions, a

substantial number of new discoveries objects could be found. While no turnover is

seen here, at some point I suspect that the SCR search would have difficulty measuring

stars with very low proper motions because of errors in the proper motion calculations

and insufficient epoch spread from plate to plate. I also look at the number of new

discoveries within each 0.′′01 yr−1 bin that have an estimated distance within 50 pc

denoted by the darker shade in Figure 7.2. From this we see that the number of

objects found within 50 pc gets greater toward the slower proper motion realm where

a larger number of objects have been found. The greatest percent of objects (objects

within 50 pc / total objects in bin) out of each bin having distance estimates within

50 pc come from proper motions which are greater than 0.′′29 yr−1.

Although the counts of new 10 pc candidates are small in each of the SCR proper

motion samples, the largest number of candidates between 10 and 25 pc is found

in the slowest sample from this MINIMO survey, even though only a portion of the

southern sky has been searched. I anticipate that continuing searches for MINIMO

systems in the southern sky will be a promising endeavor for finding additional nearby

stars.
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Figure. 7.1 Sky distribution of SCR systems with µ ≥ 0.′′18 yr−1. Open circles denote
SCR discoveries from this search and small filled circles indicate SCR discoveries from
past papers. The curve represents the Galactic plane.
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Table 7.1. Distance Estimate Statistics for SCR Systemsa

Proper motion d ≤ 10 pc 10 pc < d ≤ 25 pc d > 25 pc

µ ≥ 1.′′00 yr−1 2 + 0 0 + 0 6 + 0
1.′′00 yr−1 > µ ≥ 0.′′80 yr−1 0 + 0 3 + 0 3 + 0
0.′′80 yr−1 > µ ≥ 0.′′60 yr−1 1 + 0 11 + 0 48 + 0
0.′′60 yr−1 > µ ≥ 0.′′40 yr−1 1 + 1 22 + 2 113 + 71
0.′′40 yr−1 > µ ≥ 0.′′18 yr−1 0 + 2 0 + 29 0 + 1545

Total 4 + 3 36 + 31 170 + 1617

aEntire SCR sample excluding white dwarf candidates and new common
proper motion companions noticed by eye; the first number is from previous
SCR efforts and the second number is from this search
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