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Abstract: The LSPM catalog (Lepine and Shara 2005) is a rich source for CPM pairs we
thought already exhausted — but as we found during research for our report “A new concept for
counter-checking of assumed CPM pairs” (Knapp and Nanson 2017) there are still many poten-
tial CPM pairs indicated in LSPM which as of the end of 2016 are not listed in the WDS cata-
log. After our first two reports on in total about 70 such objects (Knapp and Nanson 2017) the
next paper with about 25 additional potential common proper motion pairs is presented here.

Introduction

Similar to our first two reports on common proper
motion pairs not listed so far in the WDS the selection
from LSPM was done by sorting all LSPM objects by
RA and then checking if the next LSPM object is nearer
than 30 arc-seconds and so far not included in the WDS
catalog. As a second criterion we selected all objects
with an altitude suitable for imaging during the time of
the research for this report with the intention of taking
images with V- and I-filters in order to be able to deter-
mine as far as possible not only RA/Dec coordinates,
separation, position angle, magnitudes, and proper mo-
tion values, but also the spectral class range of all com-
ponents according to the V-I color index.

During the work on this report, we found WDS cat-
alog object UC 752 near one of the selected LSPM ob-
jects and included this object in our project for a coun-
ter-check.

Since GAIA DRI coordinates are now available for
most of the selected objects, our most important CPM
check analysis was done on the basis of comparison of
2MASS to GAIA DRI positions. Because proper mo-
tion data listed directly in GAIA is still scarce and thus
not available for both components of our objects, it was
necessary to do our own calculations, which allowed a
CPM rating according to Knapp/Nanson 2017:

e Three rating factors are used: Proper motion vector
direction, proper motion vector length, and size of
position error in relation to proper motion vector
length

e Proper motion vector direction ratings: “A” for
within the error range of identical direction, “B” for
similar direction within the double error range, and
“C” for outside

e Proper motion vector length ratings: “A” for within
the error range of identical length, “B” for similar
length within the double error range, and C for out-
side

o  Error size ratings: “A” for error size of less than 5%
of the proper motion vector length, “B” for less
than 10%, and “C” for a larger error size

To compensate for excessively large position errors
resulting in an “A” rating despite rather high deviations,
an absolute upper limit is applied regardless of calculat-
ed error size:

e Proper motion vector direction: Max. 2.86° differ-

ence for an “A” and 5.72° for a “B”

e Proper motion vector length: Max. 5% difference

for an “A” and 10% for a “B”

In some cases we could use SDSS DRY coordinates
instead of 2MASS with much smaller position errors
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with the consequence that the requirements to get an A
or even B CPM rating were unreasonably hard so we
had to modify our process somewhat:

e The position error resulting from the error estima-
tion for proper motion vector direction and length is
in this case calculated as root mean square from
both position errors (instead of for only the larger
2MASS one)

e If the PM vector direction difference is larger than
this calculated “allowed” error but still less than
0.5° then an “A” is given, a “B” is given for larger
than 0.5 but less than 1 degree, and a “C” is given if
above

e Ifthe PM vector length difference is larger than this
calculated “allowed” error but still less than 0.5%
then an “A” is given, a “B” is given for larger than
0.5 but less than 1 percent, and a “C” is given if
above.

We also checked as many other sources as possible
via Aladin for data for these CPM candidates beginning
with visual comparison of POSS I and POSS II images.
If the Aladin centroid feature did not work (as was usu-
ally the case) we then resorted to visual estimation of
the centroids to determine separation, position angle,
and proper motion from POSS I to POSS II. Next came
the check of other existing catalog data for the given
field of view, especially URATI1, SDSS, WISE,
UCACH4, and GSC.

Besides measuring Vmags in our own images, we
tried also to get the visual magnitudes for each of the
components from the various catalogs we used.

When the 2MASS data with J- and K-band values
were available, we used a spreadsheet to estimate
Vmags with formulas found on the website of Bruce
Gary (http://brucegary.net/dummies/method0.html)
provided -0.1 < (J-K) < 1.0. In case of components
fainter than SDSS 15 mag in g-band we estimated
Vmag as (gmag + rmag)/2 based on advice from Brian
Skiff that this might work rather well.

Spectral class data were scarce in the available cat-
alogs, so as already mentioned, we had to resort to de-
riving the spectral class of the objects in question using
the B-V color index, provided we had these values
listed in the same catalog. For this purpose, we used a
table provided by the Space Telescope Science Institute
(http://www.stsci.edu/~inr/intrins.html).

Additionally we took images with I-filter to get Ic-
mags to be able to estimate the spectral class range of
the components based on our own image material,
again using the above mentioned table.

The image processing followed our usual proce-
dure: stacking with AAVSO VPhot, plate solving and

measuring positions and Vmags with Astrometrica us-
ing URATI1 as reference catalog, and calculating Sep
and PA with the formulas provided by Buchheim 2008.
Due to the faintness of some objects we had to use ex-
posure times up to 300 seconds and even then some
components were too faint to be resolved. The I-filter
images were also first plate solved with URATI as ref-
erence catalog for the astrometry results and then again
plate solved with USNO B1 as reference catalog for Ic-
mags for the [-band photometry results.

In total we got in this way an observation history of
each object beginning in most cases in the year ~1950
with POSS I and ending in 2016 with our own new im-
ages.

Results of Our Research
In Table 1 below we present for the selected objects

as much data as we could find in the catalogs available

to us, including our own measurements based on imag-

es taken with remote telescope iT24. Given below is a

description of the table content per column:

e LSPM gives the LSPM ID of the selected object in
the header line

e RA and Dec give the recent precise coordinates of
the A component (if available from GAIA DR1) in
the header line in the traditional HH:MM:SS
DD:MM:SS format and in the data lines for the
sources referred to in the Notes column in decimal
degrees format as these values are directly usable
for calculating Sep and PA

e Sep gives separation in arcseconds in the data lines
calculated as

Sep = \/[(RAZ — R4y )cos( Dec, ):I2 +(Dec) — Dec, )2

in radians
e PA gives position angle in degrees in the data lines
calculated as

RA, — R4, )cos (Decl )
Decy — Decy

PA = arctan {(

in radians depending on quadrant

e Ml and M2 give measured Vmags in the header
line for A and B and if available also in the data
lines where we had often to resort to estimated val-
ues based on calculation from the J- and K-band
values if available

e pmRAI and pmDE1 with e pml give the proper
motion data for A and pmRA2, pmDE2 and e_pm?2
for B in the header line as well as in the data lines
calculated by comparison of positions between cat-
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alogs or directly from the catalogs (specified in the
Notes column)

e Spcl and Spc2 give the spectral class range for A
and B usually based on the V-I color index taking
into consideration also the error range of the meas-
ured Imags

e Ap indicates in the data lines the aperture used for
the observation listed and Me indicates the WDS
code for the used observation method (for GAIA
calculated equivalent circular surface diameter)

e Date is the Bessel epoch of the (averaged) observa-
tion date given in the data lines

e CPM Rat gives the rating of the CPM assessment
based on comparison of positions (in most cases
between 2MASS and GAIA DRI if available) in
the header line and the corresponding data line

e Source/Notes finally indicates in the header line the
overall assessment for the object in question and in
the data lines the source used (images and catalogs)
and additional explanations if considered necessary.

Summary
From 24 objects checked for CPM

e 15 objects received a triple AAA or a AAB rating
based on position comparison, in most cases be-
tween 2MASS and GAIA DRI (according to the
method presented in Knapp/Nanson 2017), which
means a solid CPM candidate

e A surprising large number 6 objects could not be
rated due to missing precise catalog positions for
calculating CPM speed and direction — but in all
cases visual evidence by comparing existing image
material strongly suggested CPM

e 2 objects including counter-checked UC 752 got a
CCC rating meaning most certainly not CPM

e 1 object remained as suspect due to missing evi-
dence for the secondary — bogus assumed.

The issue of I-band photometry and using it for es-
timating the spectral class range was handled similarly
to our part II report.
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Appendix
The following Table 2 gives the plate solving errors for the used iT24 images and error information derived
from the measurements provided in Table 1 and the measured positions for both components:
e dRA and dDec = average RA and Dec plate solving errors in arcseconds
e Err_Sep = separation error estimation in arcseconds calculated as v (dRA* + dDec?)
e FErr PA = position angle error estimation in degrees calculated as arctan (Err_Sep / Sep) assuming the worst
case that Err_Sep points perpendicular to the separation vector.
e dmag as average mag plate solving error (Vmag for images with made V-filter and Imag for images made with I
-filter).
e FErr Mag = magnitude error estimation calculated as \ [dVmag™+ (2.5%Log;o(1+1/SNR))?]
e SNR as signal to noise ratio for the given object

Table 2. Error estimations for the iT24 in Table 1 provided measurements for the given objects.

Name RA Dec dRA dDec |Err Sep| Err PA Err Mag SNR dmag Date Notes
J0117 A 01 17 56.557 19 42 47.82 0.045 51.04 iT24 0.61m 1x60s V-filter.
0.06 | 0.06 | 0.085 1.259 0.04 | 2016.817
+1942 B 01 17 56.797 19 42 45.97 0.083 14.43 SNR B <20
A 01 17 56.552 19 42 47.92 0.151 83.33 ; _fi
0.08 | 0.08 |0.113| 1.608 0.15 | 2016.817 |-724 0-6Im 1x60s I-filter.
B 01 17 56.806 19 42 46.08 0.152 46.91 Spc based on V-I color index
J0131| A 01 31 05.831 20 09 19.38 0.033 83.28 ) )
0.07 | 0.07 | 0.099 0.954 0.03 | 2016.817 [iT24 0.61m 1x60s V-filter
+2009 B 01 31 05.609 20 09 24.44 0.042 37.17
N 01 31 05.833 20 09 19.32 0.150 178.31 iT24 0.61m 1x60s I-filter.
0.07 | 0.06 [0.092 | o.884 0.15 | 2016.817 [VR B <20. Spc based on V-1
B 01 31 05.618 20 09 24.47 0.163 16.57 color index. B might be a
hite dwarf
A 01 56 40.216 42 15 06.90 0.050 192.65 ; _fi
J0156 0.11 0.08 0.136 0.859 0.05 2016.820 iT24 0.61m 1x180s V-filter.
+4215 B 01 56 40.284 42 15 15.94 0.161 6.62 SNR B <20
A 01 56 40.240 42 15 06.82 0.130 218.70 ; _fi
0.08 | 0.07 |0.106 0.657 0.13 | 2016.817 |-T24 0-61m 1x60s I-filter.
B 01 56 40.342 42 15 16.02 0.134 34.22 Spc based on V-I color index
A 02 10 44.184 22 53 10.52 0.040 196.74 iT24 0.61m 1x180s V-filter.
Jo0210 SNR B <5 - resolution a bit
+2253 B 02 10 44.156 22 53 03.26 0.07 0.07 0.099 0.780 0.451 1.95 0.04 2016.820 lquestionable, not repeatable
ith 360s image
A 02 10 44.181 22 53 10.60 0.130 264.37 1T24 0.61m 1x180s I-filter.
SNR B<5 - resolution a bit
0.07 0.08 0.106 0.860 0.13 2016.820 |questionable, not repeatable
B 02 10 44.155 22 53 03.53 0.299 3.56 ith 360s image. Spc based on
-I color index
A 02 11 32.141 08 15 03.30 0.090 214.60 i _fi
J0211 0071 0.11 1 0.130 0.554 0.09 | 2016.820 [LT24 0.61m 1x180s V-filter.
+0815 B 02 11 31.282 08 14 58.90 0.128 11.49 SNR B <20
A 02 11 32.149 08 15 02.85 0.140 262.77 i —fi
0.09| 0.07 |0.114 0.481 0.14 | 2016.817 [-T24 0-61m 1x60s I-filter.
B 02 11 31.266 08 14 59.30 0.141 53.38 Spc based on V-I color index
Jo219| A 02 19 13.192 50 38 57.13 0.061 99.82
0.06 | 0.06 | 0.085 0.528 0.06 | 2016.817 |[iT24 0.61m 1x60s V-filter
+5039 B 02 19 13.937 50 39 03.02 0.070 30.37
A 02 19 13.193 50 38 57.04 0.120 193.85 i —fi
0.07 | 0.07 | 0.099 0.620 0.12 | 2016.817 [-T24 0-61m 1x60s I-filter.
B 02 19 13.931 50 39 02.91 0.120 106.66 Spc based on V-I color index
J0222| A 02 22 17.982 61 30 37.43 0.061 85.72
0.10 | 0.10 | 0.141 3.238 0.06 | 2016.817 |[iT24 0.61m 1x60s V-filter
+6130 B 02 22 18.295 61 30 38.54 0.066 40.13
A 02 22 17.967 61 30 37.46 0.120 131.39 i —fi
0.10 | 0.09 [ o0.135 2.851 0.12 | 2016.817 [-T24 0-61m 1x60s I-filter.
B 02 22 18.308 61 30 38.62 0.121 65.62 Spc based on V-I color index
A 02 26 34.700 32 48 22.42 0.061 106.55 iT24 0.61m 1x180s V-filter.
J0226 Plate solving for astrometry
0.10 | 0.06 | 0.117 1.772 0.06 | 2016.820
+3248 B 02 26 34.702 32 48 18.65 0.096 13.89 GAIA DR1 and for photometry
JURAT1. SNR B<20
A 02 26 34.717 32 48 22.64 0.112 53.72 _
0.10 | 0.09 [ o0.135 1.873 0.11 | 2016.817 [-T24 0-61m 1x60s I-filter.
B 02 26 34.704 32 48 18.53 0.130 15.18 Spc based on V-I color index
J0231| A 02 31 54.181 40 03 51.43 0.052 78.59
0.07 | 0.09 | 0.114 1.092 0.05 | 2016.817 [iT24 0.61m 1x60s V-filter
+4003 B 02 31 54.188 40 03 45.45 0.052 74.57
A 02 31 54.178 40 03 51.47 0.130 155.26 _
0.08 | 0.08 [o0.113 1.086 0.13 | 2016.817 [-T24 0-61m 1x60s I-filter.
B 02 31 54.185 40 03 45.50 0.130 143.49 Spc based on V-I color index
A 02 32 00.565 40 12 37.24 0.050 159.73 _
UC752 0.07 | 0.09 | 0.114 0.128 0.05 | 2016.817 [-T24 0-61m 1x60s V-filter.
B 02 32 01.851 40 13 26.28 0.053 64.45 DS objekt near J0231+4003
A 02 32 00.561 40 12 37.30 0.130 276.22 iT24 0.61m 1x60s I-filter.
Spc based on V-I color index.
0.08 | 0.08 | 0.113 0.126 0.13 | 2016.817 X
B 02 32 01.867 40 13 26.34 0.130 109.25 DS object near J0231+4003 -
code "R" seems to in error
J0258| A 02 58 28.904 16 47 31.14 0.090 128.07
0.10 | 0.11 | 0.149 1.159 0.09 | 2016.820 [iT24 0.61m 1x180s V-filter
+1647 B 02 58 28.765 16 47 24.07 0.101 22.95
iT24 0.61lm 1x60s I-filter.
A 02 58 28.907 16 47 31.16 0.10 | 0.08 | 0.128 1.005 0.130 118.04 | 0.13 | 2016.817 [SNR B<20. Spc based on V-T
color index

Table 2 concludes on next page.
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Table 2 (conclusion). Error estimations for the iT24 in Table 1 provided measurements for the given objects:

Name RA Dec drRA dDec Err Sep| Err PA Err Mag SNR dmag Date Notes
70302 | A 03 02 27.591 61 21 30.65 0.063 60.07 iT24 0.61m 1x300s V-
0.13 | 0.13 | 0.184 1.221 0.06 | 2016.842
+6121 B 03 02 28.593 61 21 35.39 0.156 7.03 filter. SNR B<10
A 03 02 27.597 61 21 30.75 0.120 125.53 iT24 0.61m 1x60s I-filter.
0.08 0.08 0.113 0.756 0.12 2016.817 |Spc based on V-I color in-
B 03 02 28.533 61 21 36.06 0.123 37.22 ex
J0349 | A 03 49 08.475 59 37 40.63 0.062 78.10
0.08 | 0.08 | 0.113 1.008 0.06 | 2016.817 [iT24 0.61m 1x60s V-filter
+5937 | g 03 49 08.275 59 37 46.88 0.064 50.77
A 03 49 08.478 59 37 40.68 0.120 163.82 iT24 0.61m 1x60s I-filter.
0.08 0.07 0.106 0.949 0.12 2016.817 |Spc based on V-I color in-
B 03 49 08.281 59 37 46.92 0.120 110.57 ex
70351 | 2 03 51 54.962 54 39 06.52 0.050 244.94
0.08 | 0.09 [ 0.120 | 0.911 0.05 | 2016.817 [iT24 0.61m 1x60s V-filter
+5439 | g 03 51 54.104 54 39 05.16 0.058 35.91
A 03 51 54.944 54 39 06.49 0.120 283.80 iT24 0.6lm 1x60s I-filter.
0.09 | 0.08 | 0.120 | 0.897 0.12 | 2016.817 [spc based on V-T color in-
B 03 51 54.072 54 39 05.10 0.121 86.03 o
70400 | 2 04 00 07.426 31 25 15.99 0.061 107.56
0.06 | 0.06 | 0.085 1.306 0.06 | 2016.817 |iT24 1x60s V-filter
+3125 | g 04 00 07.704 31 25 17.08 0.073 25.24
A 04 00 07.423 31 25 15.99 0.110 145.23 ) )
0.08 | 0.08 | 0.113 | 1.700 0.11 | 2016.817 lziidlziof}j i;igirmié’i
B 04 00 07.706 31 25 17.18 0.114 36.15
a | 04 35 12.828 58 21 04.26 0.061 82.56 1124 1x180s v-filter. No
resolution of B, not even
70435 0.12 | 0.11 | 0.163 | #WERT! 0.06 | 2016.842 [F Stiohtest hint for an
+5821 , lelongation. B either
B #DIV/0! fainter than 19.5Vmag or
loogus
A | 04 35 12.841 58 21 04.76 0.121 59.40 1724 1x180s I-filter. No
resolution of B, not even
0.12 | 0.11 | 0.163 | #WERT! 0.12 | 2016.842 [F Stightest hint for an
01 elongation. B either
B #DIV/0! fainter than 17.5Imag or
loogus
A 04 43 08.595 22 26 37.19 0.052 75.71 ; £
20242463 0.12 | 0.12 | 0.170 | 0.580 0.05 | 2016.844 szfO“lgos V-filter. SNR
+ B 04 43 09.104 22 26 52.41 0.450 1.96 B <
A 04 43 08.603 22 26 37.33 0.120 104.56 1T24 1x60s I-filter. SNR
0.10 | 0.10 | 0.141 | 0.503 0.12 | 2016.844 [B<20. Spc based on V-I
B 04 43 09.154 22 26 51.53 0.153 10.97 color index
J0as1 | A 04 51 10.894 46 43 56.52 0.051 152.52
0.11 | 0.10 | 0.149 | 1.087 0.05 | 2016.817 [iT24 1x60s v-filter
+4643 | g 04 51 10.376 46 43 50.77 0.068 23.35
A 04 51 10.897 46 43 56.38 0.120 174.13 ‘ ey
0.10 | 0.09 | 0.135 | 0.967 0.12 | 2016.817 [[T24 1x60s I-filter. Spc
B 04 51 10.372 46 43 50.51 0.121 72.41 ased on V-I color index
A 04 59 35.285 16 13 01.92 0.104 20.36 ; £y
Jo0459 0.07 0.08 0.106 1.576 0.09 2016.847 iT24 1x300s V-filter. SNR
+1613 | g 04 59 35.371 16 12 58.26 0.125 11.94 B<20
A 04 59 35.294 16 13 01.90 0.131 91.90 iT24 1x300s I-filter. SNR
0.05 | 0.05 [ 0.071 | 0.993 0.13 | 2016.847 [B<10. Spc based on V-T
B 04 59 35.368 16 12 57.96 0.228 5.32 olor index
J 05 05 17.853 19 28 43.80 0.105 19.92 ; £
Jo505 0.10 0.09 0.135 0.990 0.09 2016.847 iT24 1x300s V-filter. SNR
+1928 | g 05 05 17.573 19 28 50.50 0.113 15.25 B<20
A 05 05 17.895 19 28 43.87 0.138 22.25 ; e
0.09 | 0.07 | 0.114 | 0.875 0.13 | 2016.847 [[T24 1x300s I-filter. Spc
B 05 05 17.565 19 28 49.70 0.136 26.79 ased on V-I color index
o508 | A | 0508 55.27 20 38 49.73 0.070 195.10 éTé‘J ;Xw‘?i V‘filiergSNR
12038 0.10 | 0.10 | 0.141 1.536 0.07 | 2016.847 E : d?a‘]:l yco"ir ‘f"gp;“g
B 05 08 55.009 20 38 53.47 0.402 2.27 star disks. tentrol
oversaturated
A 05 08 55.252 20 38 49.09 0.121 95.01 1T24 1x300s I-filter.
Overlapping star disks.
0.11 | 0.09 | 0.142 1.495 0.12 | 2016.817
B 05 08 55.006 20 38 53.30 0.141 14.03 SNR B<20. Spc based on V-1
icolor index
A 05 11 22.060 20 56 38.18 0.070 191.23 _
J0511 0.08 | 0.09 | 0.120 | 1.536 0.07 | 2016.847 [[T24 1%300s V-filter. SNR
+2056 | B 05 11 22.124 20 56 33.78 0.103 13.85 B<20
a 05 11 22.049 20 56 38.17 0.120 153.72
0.10 | 0.10 | 0.141 1.622 0.12 | 2016.844 [iT24 1x180s I-filter
B 05 11 22.131 20 56 33.31 0.127 25.72
A 05 35 50.781 41 48 41.15 0.094 16.97 _
i015435 0.08 | 0.08 | 0.113 | 2.200 0.07 | 2016.817 [\T24 1x203 V-filter. SNR A
+4148 | g 05 35 50.576 41 48 43.00 0.098 15.42 and B <20
A 05 35 50.753 41 48 41.29 0.125 31.63
0.09 | 0.08 | 0.120 | 2.779 0.12 | 2016.817 |iT24 1x60s I-filter
B 05 35 50.577 41 48 42.80 0.126 28.97
Jo0548 | 2 05 48 49.542 72 33 30.89 0.050 252.07 1724 1x180s V-filter.
233 0.07 0.09 0.114 1.712 0.05 2016.847 |[Overlapping star disks.
+17 B 05 48 49.274 72 33 27.27 0.087 14.68 SNR B<20
A 05 48 49.543 72 33 31.07 0.130 138.83 ; £ _
0.10 | 0.11 | 0.149 | 2.152 0.13 | 2016.8aq [}T24 1x60s I-filter. Over
B 05 48 49.243 72 33 27.35 0.136 27.76 lapping star disks




