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Abstract:  As follow up to our report on high proper motion stars in the southern sky 
(Knapp and Nanson 2019 - HPMS3 catalog) we present here our attempt to counter-check and 
extend the LSPM north catalog (Lepine and Shara 2005) covering the high proper motion stars 
in the northern sky. The GAIA DR2 catalog contains in total 78,279 high (>150mas/yr) proper 
motion objects in the northern sky compared to 61,977 LSPM objects which means an increase 
of 26%. A cross-match of LSPM and HPMSNS objects suggests a “loss” of several thousand 
LSPM objects – a closer look made clear that this is mostly caused by LSPM objects with 
GAIA DR2 proper motion values smaller than 150mas/yr missing for this reason the cut. Sev-
eral thousand HPMSNS objects come in pairs up to 60 arc seconds separation. A good part of 
these pairs are already listed in the WDS catalog, the rest are newly discovered pairs most of 
them with common proper motion. Several hundred of the newly discovered CPM pairs have 
parallax data similar enough to be considered as potentially gravitationally bound while the rest 
travel most probably by chance in the same direction with similar speed. The CPM pairs poten-
tially bound by gravitation are listed in a separate table as newly discovered binaries and other 
catalogs were checked to give an observation history. This list includes several pairs with po-
tential gravitational relationships but proper motion different enough to be considered not quite 
common up to quite different – we consider these pairs also as potential binaries assuming that 
fast orbits add extra motion to the proper motion of the pairs as system. 

 
Preamble: The second data release of the still preliminary GAIA catalog comes similar to 

DR1 with a multitude of caveats listed in the different documentation papers published parallel 
to the data release (https://www.cosmos.esa.int/web/gaia/dr2-papers). Together with the amaz-
ingly small error range of the huge amount of measurement results this provides a mixed mes-
sage of so far unprecedented data precision with a general uneasiness regarding data reliability 
beyond any error range. We tried therefore our best to keep our results as far as possible on 
solid ground by eliminating objects with potentially questionable data. That said, we appreciate 
the wealth of GAIA DR2 data very much indeed. 

1. Introduction 
The LSPM catalog contains 61,977 high proper 

motion stars with speed >150mas/yr (Lépine and Shara 
2005) and the authors of this catalog also identified 

1,159 common proper motion pairs to be included in 
this data set but only about 170 such pairs were consid-
ered new discoveries and listed in the WDS catalog 
with the discoverer code LEP.  

mailto:jnanson@nehalemtel.net
https://www.cosmos.esa.int/web/gaia/dr2-papers
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The availability of about 496,644,216 GAIA DR2 
objects in the northern sky with proper motion data giv-
en made it rather easy to select the 78,279 objects with 
a proper motion vector larger than 150mas/yr and decli-
nation larger than zero. This selection is made in the 
knowledge that very fast moving stars with >600mas/yr 
are not fully covered with GAIA DR2 – about 20% of 
such objects might be missing (Luri et al. 2018). Conse-
quently, by selecting high proper motion objects we 
take the risk of a higher probability of spurious data 
compared with a purely random selection (Arenou et al. 
2018). On the other hand high proper motion stars are 
in most cases rather close to our Sun system enhancing 
the probability of good data quality. 

Most interesting is also the comparison with the 
number of 90,455 GAIA DR2 high proper motion stars 
in the southern sky, which reflects the much higher star 
density in the southern sky if not to the full extent of 
the relation 3:7 north to south according to the corre-
sponding star count in GAIA DR2.  

2. High Proper Motion Stars in the Northern 
Sky 

In Table 1 we list a subset of the data for the first 
20 high proper motion objects in the northern sky. The 
full data set with 78,279objects is available for down-
load on the JDSO website as “HPMSNS”.  

All HPMSNS objects were cross-matched with the 
LSPM north catalog with a result of 57,851 matches af-
ter eliminating duplicates for close objects within the 5” 
search radius. This means a recovery rate of 93% com-
pared to the total of 61,977 LSPM objects - at first look 
rather disappointing low. We had then a closer look at 
the LSPM objects not matched and found for the major 
part of “lost” LSPM objects that GAIA DR2 lists these 
objects with less than 150mas/yr – 2,372 of them down 
to 100mas/yr but 222 also significantly less down to 
nearly zero. Including this number in the recovery rate 
we get now up to 97.5% which means more or less up 
to the expectations. We give a sample of LSPM objects 
with proper motion less than 150mas/yr in Table 2.  

There still remains the question about the rest of the 

Table 1. High proper motion stars in the northern sky (HPMSNS) catalog 

HPMSNS gaia dr2 source_id ra dec Pmra pmdec pmvd pmvl vmag 

1 394020956870508672 0.012351494 50.66149471 197.145 -33.574 99.66480874 199.9834106 21.332 

2 2745374882658545920 0.013204006 6.267432701 111.316 -101.248 132.2882373 150.4739491 13.783 

3 2875125810310195712 0.01582912 34.18830854 -224.498 -54.93 256.2510381 231.1204381 9.103 

4 2765667056943710720 0.016390428 11.36269777 149.160 -96.393 122.8721182 177.5959348 16.992 

5 2875105641143726080 0.019172013 33.88023899 175.594 1.948 89.36439969 175.604805 16.313 

6 2740326852975975040 0.019647984 3.946410503 223.124 -11.367 92.91639879 223.413357 12.413 

7 2875119243304430592 0.01980133 34.01341385 146.339 -85.626 120.3327926 169.5491516 20.072 

8 2846308881856186240 0.021035353 20.03527505 -206.469 -195.796 226.51983 284.5444106 9.963 

9 2767355150889886592 0.023318167 13.79968823 183.829 -127.922 124.8330906 223.9578963 16.624 

10 2875543345555313792 0.035958628 35.52824056 152.325 -67.144 113.7876143 166.4668807 12.516 

11 2882276999577911680 0.043413956 41.36147432 237.924 -21.656 95.200769 238.9075388 16.173 

12 421077635926960256 0.051079523 57.17693474 169.559 20.221 83.19922925 170.7604852 20.188 

13 2881755246950572032 0.064445994 39.047639 210.961 62.672 73.45444181 220.0734493 10.990 

14 2873854843587915008 0.069224509 32.65278809 148.830 -31.192 101.8368063 152.0635057 14.929 

15 564627228347120000 0.072025977 79.4121273 162.359 -28.071 99.80915974 164.7677939 11.408 

16 2546035657925014144 0.076290664 0.055785767 237.192 -64.697 105.2569787 245.8571672 14.936 

17 393886301059134336 0.079244358 49.91322072 143.334 73.261 62.92747605 160.9714561 17.598 

18 384491695747484544 0.08071937 43.21169829 200.435 -72.116 109.7886014 213.013865 11.862 

19 429495290799321600 0.089408582 61.51725037 239.109 -13.193 93.15813097 239.4726897 19.566 

20 566887652452750848 0.091649892 82.49464124 253.721 72.275 74.09985965 263.8143693 21.089 

Description of the table content per object (the content of the full data set gives additional error data, 2MASS and UCAC4 IDs, Plx data etc.):  

• HPMSNS gives the object ID with a running number 

• gaia dr2 source_id gives the GAIA DR2 object ID 

• ra and dec give the GAIA DR2 RA/Dec coordinates for epoch 2015.5 in degrees 

• pmra and pmdec give the proper motion data for RA and Dec in mas/yr 

• pmvd and pmvl give the proper motion vector direction in degrees and proper motion vector length in mas/yr 

• vmag gives the estimated Vmag derived from GAIA DR2 GBR-mag  
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missing LSPM objects. We found that about 500 re-
maining missed matches are GAIA DR2 objects with-
out proper motion data with some of them as expected 
very fast LSPM objects with proper motion  >600mas/
yr. About 1,000 not recovered LSPM objects remain at 
the moment without explanation. 

Counter-checking the HPMSNS catalog for nega-
tive parallaxes, parallax values smaller than 3 times the 
given error range, objects with duplicity issues or issues 
with the visibility periods used we found in total ~22% 
objects with potentially contaminated data - especially 
the 5% with negative parallax values might be listed 
with suspect proper motion values. On the other hand 
high proper motion values indicate a positive selection 
of objects rather near the sun system even if we have to 
consider a co-variance between parallax and proper mo-
tion as caveat. 

The estimation of the visual magnitude based on 
GAIA DR2 G/B/R-mags uses the formula (estimated)

with a regression coefficient of 0.999 and a standard 
deviation of 0.064) derived by statistical analysis using 
nonlinear regression with the same data set from our 
Vmag paper (Knapp and Nanson 2018) after eliminat-
ing a few outliers due to questionable cross-match re-
sults with GAIA DR2. This estimation formula shares 
the photometry caveats of GAIA DR2 for very bright (< 
10 Gmag) and very faint (> 18 Gmag) objects accord-

ing to Evans et al. 2018 and Riello et al. 2018. 
For about 2% of the objects GAIA DR2 provided 

no B- and R-mag data so we estimated in these cases 
Vmag from Gmag plus an average difference Vmag to 
Gmag of 0.318 according to our data sample.pairs 

3. HPMSNS Pairs 
As visually close pairs with high proper motion are 

according to our experience often common proper mo-
tion pairs we selected from the HPMSNS catalog all 
objects with a neighbour within 60 arcseconds to verify 
this assumption – 3,937 such pairs are to be found in 
the HPMSNS catalog.  

3.1 HPMSNS Pairs Cross-Matched with WDS 
In the next step we cross-matched this list with the 

WDS catalog with a search radius of 5 arc seconds to 
identify the objects already WDS listed. To avoid issues 
with reversed components we did this cross-match for 
both components. For most objects this cross-matching 
was straight forward but in several cases multiple 
matches or mis-matches occurred for different reasons: 
• A;BC or pairs of similar pattern were resolved as 

AB and AC making the BC component obsolete 
• Components A or B were resolved into Aa;Ab or 

Ba;Bb making the A or B component obsolete 
• WDS multiples were matched to only one 

HPMSNS pair because the other components are 
not high proper motion stars 

• The matched WDS object had only one component 
identical with the HPMSNS pair while the high 
proper motion secondary was another star 

• Odd cases with different WDS objects for the same 
pair. 
 
Such cases had to be cleared by manual counter-

checks. Finally 2,038 of the HPMSNS pairs were found 
to be identical with existing WDS objects for which we 
give the found GAIA DR2 based data with our assess-
ment for being physical pairs as recent 2015.5 observa-
tions. As the search radius for HPMSNS pairs is re-
stricted to 60 arcseconds all WDS objects with larger 
separations are not covered by this matching process. 

The assessment for being physical is based on the 
scheme presented in Knapp 2018 (see Appendix A) 
with the following results: Out of the 2,038 pairs found 
to be already included in the WDS catalog 1,592 are 
pairs with common proper motion and 1,295 pairs can 
be considered as probably physical by means of com-
mon parallax but “only” 996 pairs show positive assess-
ment for both parameters. 596 CPM pairs seem to be 
just random common travelers with a distance between 
the components making gravitational relationship rather 
impossible while 299 pairs are close enough for gravi-
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LSPM pmra pmdec pm/yr 

J0001+0842 -34.015 -144.665 148.610169 

J0002+2223 147.637 -7.269 147.815839 

J0002+4422 149.345 5.618 149.450630 

J0002+5512 145.136 24.077 147.119545 

J0002+5725 126.525 67.676 143.487340 

J0003+5649 -101.150 -108.688 148.473580 

J0003+5207 148.445 4.747 148.520881 

J0003+5349 148.192 14.030 148.854660 

J0003+0654 139.053 -43.783 145.783016 

J0003+0406 142.767 -44.982 149.685659 

Table 2. Sample of LSPM objects with proper motion less 
than 150mas/yr 

Table 2 content description 

• LSPM = LSPM catalog ID 

• pmra = GAIA DR2 proper motion RA in mas/yr 

• pmdec = GAIA DR2 proper motion Dec in mas/yr 

• pm/yr = total proper motion in mas/yr  
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tational relationship but have somewhat different prop-
er motion data suggesting with some probability an or-
bit. 

In Table 3 we list a subset of the data for the first 
20 HPMSNS pairs found to be existing WDS pairs.  
The full data set is available for download on the JDSO 
website as “HPMSNS_pairs_WDS_matches”. 

3.2 HPMSNS pairs with negative parallax 
About 2% of the HPMSNS objects are listed in 

GAIA DR2 with a negative parallax or with Plx values 
smaller than 3 times the given error range. In the list of 
HPMSNS pairs matched positively with the WDS cata-
log only 2 such objects “survived,” while for the assess-
ment procedure of the other HPMSNS pairs for being 
potentially physical, all pairs with one or both such 
components were excluded. 

3.3 HPMSNS probably optical pairs 
As we have no intention to determine the “true” 

distance of stars but only the probability for two stars of 
being close enough for potential gravitational relation-
ship, in our procedure for potential gravitational assess-
ment (Appendix A) we stick with the “naïve” parallax 
inversion (Bailer-Jones 2015) combined with the given 
angular separation and the given error range to consider 
a best/realistic/worst case scenario for the distance be-
tween the components of a pair. The assessment of po-
tential gravitational relationship is then done based on 
another simplification assuming that all considered ob-
jects are of average Sun-like mass and that therefore the 
limiting distance is similar to the Oort cloud of our Sun 
system. Based on this assessment scheme in total 1,215 
HPMS pairs are considered optical due to a distance be-
tween the components making gravitational relationship 
rather impossible. A total of 918 of those HPMSNS 
pairs qualify as CPM pairs, which means that the com-
ponents of these pairs travel in space in same direction 
with the same speed but are too distant to be gravita-
tionally connected. These pairs are reported here just 
for purpose of completeness but not as double stars to 
be included in the WDS catalog. In Table 4 below the 
first 10 such pairs are listed with selected columns. To 
provide complete information the full data subset is 
available for download on the JDSO website as 
“HPMSNS_optical_pairs”. 

Many HPMSNS common proper motion pairs as-
sessed as opticals are listed with rather similar Plx val-
ues – this might indicate that originally physical pairs 
have separated over time. With a less restrictive assess-
ment these might be also be considered as physicals. 

3.4 HPMSNS pairs probably physical 
The standard assessment scheme provides by 

means of common proper motion and common parallax 

allowing for potential gravitational relationship about 
490 most probably physical HPMSNS pairs. Addition-
ally we have the pairs with different proper motion but 
components close enough for gravitational relationship 
which gives in total about 640 probably physical pairs. 
To detect any connections with existing WDS objects 
we calculated for each pair the corresponding WDS ID 
for the position of the primary as well as for the second-
ary and compared these IDs with the WDS "precise" 
list. This way we detected in several cases connections 
with the WDS catalog so far missed. Being then aware 
of such issues we did then a complete manual counter-
check by optical comparison of all objects with the 
WDS catalog with the Field of View feature of Astro-
Planner using the WDS catalog per August 2018. 

The following issues were this way detected: 
• Resolution of components being doubles them-

selves as for example A into Aa;Ab making it nec-
essary to delete false positives from the WDS 
matches list as already mentioned above 

• Confirmations for first observation data identifying 
last observation data being in error 

• References to WDS objects with separations larger 
than 60 arcseconds not covered in this report 

• Redundant pairs as for example AC for existing AB 
and BC triple 

• Positive WDS matches missed due to wrong WDS 
J2000 positions (for example NSN  26 with correct 
J2000 position 06:11:55.99 +33:25:50.5 instead of 
06:11:56.18 +33:25:43.0) 

• In several cases a newly resolved Aa;Ab pair is not 
listed as probably physical due to not fully common 
Plx data, yet one pair like B;Ab remained as proba-
bly physical. It might very well be that in such cas-
es with a third component involved the Plx assess-
ment is too restrictive 

• Potential positive matches with WDS objects with 
probably erroneous data – yet kept in the list due to 
undecidability 

• Redundant pairs due to switched sequence of com-
ponents. 

 
32 objects were detected as potential matches with 

given WDS objects despite significant differences to 
the WDS data given for J2000 position, separation and 
position angle. These objects are listed in Table 5 as 
cases to decide by the keepers of the WDS catalog. 

The comparison of J2000 and J2015.5 values for 
separation and position angle indicates in some cases 
significant differences proposing a fast orbit and shows 
that the matching of pairs can get quite complicated if 
high proper motion is involved. Future GAIA data re-

(Text continues on page 51) 
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leases with a longer time line than currently DR2 will 
hopefully differentiate between the proper motion of a 
system and the extra motion due to an orbit. 

The extreme case of HPMSNS pair 73207+73206 
aka KR 60 AB demonstrates also the limited use of the 
concept of proper motion as linear vector leading in 
case of fast orbits probably to wrong calculated J2000 
positions then of little use for cross-matching based on 
J2000 positions. 

Another 24 objects were deleted for different rea-
sons with a few of them suggesting the need of changes 
in the WDS data as given in Table 6. 

To avoid reporting pairs already covered in earlier 
reports so far not published we counterchecked the ex-
istence of such cases and ended up with the objects giv-
en in Table 7. 

Finally this gives then 556 HPMSNS pairs careful-
ly checked for being probably physical pairs to be re-
ported as new discoveries. In Table 8 we list a subset of 
the data for the first 20 such objects. The full data set is 
available for download on the JDSO website as 
“HPMSNS_probably_physical_pairs”. 

Note regarding J2000 coordinates: These are calcu-
lated from the GAIA DR2 J2015.5 positions and proper 
motion data. In case of extra motion due to orbits or 
other influences this calculation might give slightly 
wrong J2000 positions. 

159 pairs from the total of 556 objects show some 
differences in proper motion suggesting a fast orbit. 

3.5 Observation history 
To provide for each object an observation history 

we cross-matched the objects reported as probably 
physicals with the following catalogs: 2MASS, 
UCAC4, UCAC5, URAT1, USNO-B1, USNO-A2, 
SDSS DR9, PS1 and GAIA DR1. In average we got 2 
additional observations confirming the GAIA DR2 ob-
jects but a total of 126 pairs remained without a corre-
sponding match in another catalog suggesting a counter
-check with a future GAIA data release. Cross-
matching of stars with high proper motion is a bit diffi-
cult due to the fast change of star positions over time, 
especially if a catalog gives positions without proper 
motion data.  But as we deal with double stars, we have 
the additional criterion of matching separation and posi-
tion angle making elimination of false matches a bit 
easier. We did also a manual counter-check of a sample 
of still suspect looking matches and eliminated a few 
more pairs with resolution issues in the older catalogs 
mostly for triples and we also eliminated all pairs with 

a separation of less than 2" from the cross-match results 
with 2MASS, UCAC4, UCAC5, URAT1, USNO-A2 
and USNO-B1 due to suspected resolution issues. De-
spite these steps a few mis-matches might still exist in 
the final observation history list as specific situations 
are simply undecidable especially in the PS1 catalog 
which has many ghost stars – in such cases we decided 
to keep the best matching combination. In Table 9 we 
give the observation history with the first 20 records as 
example. The complete list with the observation history 
is available for download on the JDSO website as 
“HPMSNS_probably_physical_pairs_observation_histo
ry”. 

Some objects are connected with existing WDS ob-
jects as additional components or as splits of compo-
nents so far not resolved – in these cases the reference 
to the existing WDS objects is given. 

4. Summary 
This report selects not only the high proper motion 

stars in the northern sky from GAIA DR2 to extend the 
LSPM north catalog significantly but checks also for so 
far ~550 unknown double stars with common proper 
motion of significant speed and stellar distance small 
enough to allow for gravitational relationship, which in 
all probability are newly discovered binaries. 
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Appendix A 

Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018): 
 Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position error 
in relation to proper motion vector length and relation separation to proper motion speed 
• Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar di-

rection within the double error range,  “C” for direction within the triple error range and "D" for outside 
• Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar length 

within the double error range, "C" for length within the triple error range and "D" for outside 
• Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than 10%, 

“C” for less than 15% and "D" for a larger error size 
• Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years, "C" or 

less than 10000 years and "D" for above 
 
To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rating 

despite only very small deviations an absolute lower limit is applied regardless of calculated error size:  
• Proper motion vector direction: Max. 1° difference for an “A” 
• Proper motion vector length: Max. 1% difference for an “A" 

 
The letter based scoring is then transformed into an estimated probability and a verbal assessment for being 

CPM 
 

Description of the Plx rating procedure (according to Knapp 2018): 
The distance vector of the two components of a pair is calculated with the naive approach 1/Plx +/- error range 

and the distance between the components is then calculated using the law of cosines with the two resulting vectors 
and the given angular separation 
• "A" for worst case distance (Plx with errors applied for largest possible result), "B" for realistic case distance 

(using given Plx without error) and "C" for best case distance (using Plx with errors applied for smallest possi-
ble result) less than 200,000 AU (means touching Oort clouds for two stars with Sun-like mass) and “D” for 
above 

• "A" for Plx error less than 5% of Plx, "B" for less than 10%, "C" for less than 15% and “D” for above 
 
The letter based scoring is then transformed into an estimated probability for being potentially gravitationally 
bound 


