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Abstract: 

Data mining the UCAC3 catalogue has yielded 300 previously unreported double stars where each component of the pair shows a large shared proper-motion. Details of brightness, motion, positional angle, separation and spectral type are presented.
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1 INTRODUCTION 

The Third U.S. Naval Observatory CCD Astrograph Catalogue (UCAC3) was released on the Vizier site in September 2009. It can be accessed via:

http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=I/315
UCAC3 (Zacharias et al. 2009) is an all-sky star catalogue primarily covering objects in the magnitude range 8 to 16 in a band pass between V and R. Positional errors are typically between 15 to 20 milliarcsec (mas) for stars in the magnitude range 10 to 14. Proper-motion data is based on results from up to 140 catalogues but caution is required when using the results for fainter stars (R less than or equal to 13.5).

A total of 44 fields are available for examination via the Vizier site and the catalogue contains 100765502 rows.

2 METHODOLOGY

Nicholson, 2006, describes in detail how astrometric data downloaded from the Vizier web site can be used to calculate the position angle and separation of two stars. The UCAC3 catalogue contains 100765502 rows but the relevant information for common proper-motion pair identification was only downloaded for stars with a UCAC fit model magnitude (579 – 642 nm) between 8 and 14 that also fell into one of four groups:  
· Proper-motion in declination greater than 60 mas yr-1
· or proper-motion in declination less than –60 mas yr-1
· or proper-motion in right ascension greater than 60 mas yr-1 

· or proper-motion in right ascension less than –60 mas yr-1
Once the astrometric, magnitude and proper-motion data had been downloaded it was passed through the purpose built software (Nicholson, 2005), designed to identify pairs of stars with less than any pre-set separation. In the case of this project a distance of 90 arcsec was selected. The primary star in each pair was taken to be the one with the brighter UCAC3 fit model magnitude. Systematic errors in this value are expected to be below 0.1 mag and this value is expected to be more accurate than the alternative UCAC3 aperture magnitude for what the catalogue compilers call "well behaved" stars.
The pairs of stars identified using the software were then regarded as “candidate”  common proper-motion pairs. Since the aim of the project was to generate a relatively small number of probable common proper-motion pairs all the candidate pairs were subject to a series of four filtering processes.

1) If the average difference in the quoted proper-motions of the two components in right ascension and declination was over 10 percent then the pair was rejected. 

2) If both the primary and secondary stars could not be matched, at a 1 arcsec radius level, to a star in the 2MASS (Skrutskie et al. 2006)  catalogue the pair was rejected.

3) If the software gave a separation of under 5 arcsec the pair was rejected since with very close pairs any errors in the quoted positions in the UCAC3 catalogue have a disproportionate impact on the calculated values for both the position angle and the separation of the candidate common proper-motion pair.

4) All remaining candidate pairs were then checked against the on-line version of the Washington Visual Double Star Catalogue (13-Sep-2009 version containing 104854 binaries) and any pair where either the primary or secondary component lay within 120 arcsec of a listed system was rejected.

Any candidate pair passing all four filters was subject to a system of warning flags. Caution flag 1 was applied when any of the quoted figures for proper-motion in declination or proper-motion for either the primary or secondary component was between –10 and 10 mas yr-1. Caution flag 2 was applied when the Halbwachs criterion, as described by López (2008), was over 1000 years. Caution flag 3 was applied when the difference in proper motion in declination or right ascension between the two components was greater than the sum of the mean errors in these values and where the mean error is defined as the average error of the positive and negative errors without regard to sign.

3 RESULTS AND OBJECTS OF INTEREST

Please note that downloaded coordinates are equinox J2000.0 and epoch J2000.000 and that proper-motion has been taken into account.
Table 1 provides a listing in the standard format of all the common proper-motion pairs found. A sample of the results appears in the printed version and a full version of the table, sorted on right ascension of the primary star, is available electronically from:

http://www.martin-nicholson.info/ucac3table1.xls
	
	PRIMARY
	SECONDARY
	PRIMARY
	SECONDARY
	CPM Pair
	

	#
	RA
	DEC
	RA
	DEC
	MAGNITUDE
	MAGNITUDE
	SEP (arc sec)
	PA (degrees)
	EPOCH

	1
	00 04 56.92
	-18 10 43.4
	00 04 55.82
	-18 10 52.6
	8.771
	11.956
	18.1
	240
	2000.000

	2
	00 10 59.50
	-63 09 04.1
	00 10 55.59
	-63 08 41.0
	11.594
	13.328
	35.1
	311
	2000.000

	3
	00 11 24.79
	-40 48 39.4
	00 11 29.67
	-40 49 19.9
	10.480
	10.535
	68.6
	126
	2000.000

	4
	00 14 14.43
	-32 58 47.0
	00 14 17.38
	-32 59 20.2
	10.942
	12.912
	49.9
	132
	2000.000

	5
	00 18 29.24
	-53 25 25.7
	00 18 27.01
	-53 25 46.8
	11.479
	11.627
	29.0
	223
	2000.000

	6
	00 25 01.81
	-59 03 54.3
	00 25 02.02
	-59 03 29.8
	11.006
	13.374
	24.6
	4
	2000.000

	7
	00 28 51.55
	-30 54 59.3
	00 28 56.01
	-30 55 49.5
	11.200
	11.977
	76.3
	131
	2000.000

	8
	00 30 53.44
	-16 43 26.7
	00 30 51.89
	-16 43 02.9
	11.711
	12.418
	32.6
	317
	2000.000

	9
	00 37 42.63
	-03 40 42.8
	00 37 42.10
	-03 41 02.4
	9.816
	12.633
	21.2
	202
	2000.000

	10
	00 38 32.73
	-77 44 59.5
	00 38 23.24
	-77 45 58.2
	11.656
	13.373
	66.1
	207
	2000.000

	11
	00 42 15.38
	-08 33 03.0
	00 42 17.74
	-08 33 55.9
	9.587
	10.392
	63.4
	146
	2000.000

	12
	00 47 36.10
	-19 35 23.1
	00 47 33.10
	-19 36 40.2
	11.937
	12.871
	88.0
	209
	2000.000

	13
	00 50 16.47
	-02 27 00.4
	00 50 18.97
	-02 27 13.0
	9.937
	10.822
	39.6
	109
	2000.000

	14
	00 50 36.48
	-26 02 05.6
	00 50 37.87
	-26 01 55.2
	10.440
	12.910
	21.4
	61
	2000.000

	15
	00 51 06.57
	-07 32 03.0
	00 51 07.14
	-07 31 56.6
	11.026
	13.995
	10.5
	53
	2000.000

	16
	00 54 09.89
	-16 19 08.7
	00 54 13.77
	-16 19 00.3
	11.472
	12.056
	56.5
	81
	2000.000

	17
	00 59 28.30
	-83 08 18.1
	00 59 23.00
	-83 08 29.2
	9.239
	13.888
	14.6
	221
	2000.000

	18
	01 12 19.92
	-10 52 00.3
	01 12 15.17
	-10 51 53.9
	13.248
	13.664
	70.4
	275
	2000.000

	19
	01 12 54.33
	-47 51 37.9
	01 12 53.86
	-47 52 10.7
	12.581
	13.306
	33.1
	188
	2000.000

	20
	01 17 03.34
	-30 55 03.8
	01 17 04.54
	-30 55 14.3
	8.607
	13.675
	18.7
	124
	2000.000


Table 2 provides details of the proper-motion of both components of each pair with caution flags added where appropriate. A sample of the results appears in the printed version and a full version of the table, sorted on the same running numbers as used in table 1, is available electronically from:

http://www.martin-nicholson.info/ucac3table2.xls
	
	PRIMARY
	SECONDARY
	
	
	

	#
	PM in RA
	PM in DEC
	PM in RA
	PM in DEC
	CAUTION FLAG

	
	mas yr-1
	mas yr-1
	mas yr-1
	mas yr-1
	
	
	

	1
	-19.1
	-90.8
	-20.3
	-99.5
	
	
	Caution flag 3

	2
	52.7
	18.9
	52.2
	22.5
	
	
	

	3
	74.5
	28.9
	76.6
	28.0
	
	
	

	4
	60.5
	26.6
	61.0
	25.7
	
	
	

	5
	47.4
	-22.6
	45.6
	-23.0
	
	
	

	6
	81.7
	68.8
	80.6
	72.6
	
	
	

	7
	-61.5
	-22.2
	-64.0
	-24.8
	
	Caution flag 2
	Caution flag 3

	8
	55.5
	-11.6
	53.9
	-10.3
	
	
	

	9
	43.7
	37.7
	40.9
	38.6
	
	
	

	10
	83.5
	15.3
	77.7
	13.6
	
	
	Caution flag 3

	11
	-17.8
	51.9
	-17.8
	48.8
	
	Caution flag 2
	

	12
	45.5
	33.8
	44.8
	33.6
	
	Caution flag 2
	

	13
	-63.0
	-68.7
	-61.8
	-67.8
	
	
	

	14
	69.7
	52.8
	69.6
	60.9
	
	
	Caution flag 3

	15
	47.6
	9.3
	54.0
	9.9
	Caution flag 1
	
	

	16
	90.6
	-29.9
	88.9
	-28.4
	
	
	

	17
	57.5
	65.7
	54.2
	60.4
	
	
	Caution flag 3

	18
	-43.8
	-36.1
	-42.3
	-34.3
	
	Caution flag 2
	

	19
	84.7
	44.5
	85.9
	43.4
	
	
	

	20
	64.0
	-15.1
	63.0
	-13.7
	
	
	

	Caution flag 1 was applied when any of the quoted figures for proper-motion in declination or proper-motion for either the primary or secondary component was between –10 and 10 mas yr-1.

	Caution flag 2 was applied when the Halbwachs criterion, as described by López (2008), was over 1000 years.

	Caution flag 3 was applied when the difference in proper motion in declination or right ascension between the two components was greater than the sum of the mean errors in these values


Table 3 provides details of the 2MASS J and K band magnitudes of the primary and secondary component of each pair, the UCAC3 fit model magnitude and the spectral type of the two components of each pair.  A sample of the results appears in the printed version and a full version of the table, sorted on increasing difference between the 2MASS magnitudes for the primary and secondary stars, is available electronically from:

http://www.martin-nicholson.info/ucac3table3.xls
	
	PRIMARY
	SECONDARY
	PRIMARY
	SECONDARY
	PRIMARY - SECONDARY
	PRIMARY - SECONDARY
	SPECTRAL

	
	UCAC3
	UCAC3
	2MASS J-K
	2MASS J-K
	UCAC3
	2MASS
	TYPE

	#
	MAGNITUDE
	MAGNITUDE
	MAGNITUDE
	MAGNITUDE
	MAGNITUDE
	MAGNITUDE
	

	145
	12.686
	13.467
	0.731
	0.729
	0.781
	0.002
	K + K

	5
	11.479
	11.627
	0.551
	0.553
	0.148
	0.002
	K + K

	19
	12.581
	13.306
	0.834
	0.831
	0.725
	0.003
	M + M

	266
	11.361
	11.507
	0.571
	0.575
	0.146
	0.004
	K + K

	133
	13.317
	13.858
	0.886
	0.882
	0.541
	0.004
	M + M

	54
	11.697
	12.969
	0.349
	0.344
	1.272
	0.005
	F + F

	84
	12.296
	13.359
	0.809
	0.814
	1.063
	0.005
	K + K

	186
	12.283
	13.272
	0.856
	0.863
	0.989
	0.007
	M + M

	225
	12.803
	12.910
	0.850
	0.842
	0.107
	0.008
	M + M

	24
	11.673
	11.734
	0.364
	0.356
	0.061
	0.008
	G + G

	193
	12.332
	12.488
	0.407
	0.415
	0.156
	0.008
	G + K

	103
	11.148
	12.716
	0.862
	0.853
	1.568
	0.009
	M + M

	100
	12.227
	12.416
	0.353
	0.343
	0.189
	0.010
	G + F

	278
	11.046
	11.088
	0.408
	0.418
	0.042
	0.010
	G + K

	105
	11.544
	13.057
	0.362
	0.373
	1.513
	0.011
	G + G

	210
	13.785
	13.835
	1.400
	1.386
	0.050
	0.014
	M + M

	137
	11.506
	11.838
	0.323
	0.309
	0.332
	0.014
	F + F

	147
	13.116
	13.169
	0.823
	0.837
	0.053
	0.014
	K + M

	292
	12.216
	13.007
	0.776
	0.762
	0.791
	0.014
	K + K

	230
	10.356
	10.663
	0.619
	0.634
	0.307
	0.015
	K + K


Bessel & Brett (1988) demonstrate how the 2MASS J – K colour can be used to estimate the spectral type of a star and Greaves (2004) outlines some caveats associated with the analysis.

144 (48 percent) of the primary stars and 224 (75 percent) of the secondary stars were found to be spectral type K.  This was somewhat surprising since M class stars are by far the most common spectral type and the observed result may be due to a selection effect resulting from the decision to examine only stars with a UCAC fit model magnitude (579 – 642 nm) between 8 and 14. Perhaps many of the common proper-motion pairs involving M type stars were fainter than this lower limit. Only seven pairs (#19, 22,103, 133, 186, 210 and 225) were M + M common proper motion pairs but 118 were K + K pairs.

A few pairs are worthy of special note:

Pair #24: The differences between the UCAC3 and the 2MASS magnitudes are only 0.061 and 0.008 respectively. The two G class stars can be thought of as twins.

Pair #209: The 2MASS J – K magnitudes of 1.400 and 1.386 suggest that both components of the pair are late spectral class M stars.

Pair #245: The difference in the 2MASS J – K magnitudes between the two components is the largest of all the pairs surveyed. The results suggest a G class star with a late M class companion.

Pairs #114, 254, 292: These three pairs had particularly high total proper motions and it is therefore likely, but not conclusive, that they are relatively close to the Sun.

4 CONCLUSIONS

Common proper-motion pairs are an interesting group to research because they do not fall into either of the extensively studied groups of orbiting binaries or open clusters and because each component of a common proper-motion pair can be considered to be at the same distance from the observer, of the same age and subject to the same degree of reddening (Greaves, 2004).  It is to be hoped that these new discoveries will be included in the Washington Double Star Catalog.

There are two possible areas where this project might be extended in the future. Looking at fainter stars in the UCAC3 catalogue might reveal more M + M class common proper-motion pairs and extending the survey area from 90 to 120 arc sec might reveal additional pairs. However both options put greatly increased strain on the current data processing pipeline.
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