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The UKIDSS Galactic Plane Survey (GPS) began in 2005 as arzeffeat to survey~1800
deg of the northern Galactic plane in the J, H, and K passbandssiitvey included a sec-
ond epoch of K band data, with a baseline of 2 to 8 years, fopthpose of investigating
variability and measuring proper motions. We have caledlatroper motions for 167 Million
sources in a 900 déaarea located at > 60° in order to search for new high proper motion
objects. Visual inspection has verified 617 high proper ovosiources* 200 mas yr— ')
down to K=17, of which 153 are new discoveries. Among these we have aspeatroscop-

additional T dwarf with estiredttype T6, 13 new L dwarf

candidates, and two new common proper motion systems oamgailtracool dwarf candi-
dates. We provide improved proper motions for an additia2diigh proper motion stars that
were independently discovered in the WISE dataset duriagdluirse of this investigation.
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1 INTRODUCTION

Source confusion in the Galactic plane reduces the conmasse

of searches for nearby stars and brown dwarfs and high proper
motion sources in general. The two epochs of high resolution
UKIDSS GPS data (Lawrence et al. 2007, Lucas Et al.|2008) pro-
vide a new resource to search for previously missed highgorop
motion objects, especially brown dwarfs which would tyfica
have been undetected in previous optical searches. It dsosa

for identification of new high amplitude infrared variablears
(Contreras Pefia etlal, 2014).

The thick veil of dust in the Galactic plane is something okady>

fit in identifying nearby high proper motion objects in opticur-
veys since it obscures more distant stars and lessens thkeipro

of source confusion (sém al. 2011a, Figurm eta
2011b, Figure 7). However, many of the nearest objects dae re
tively faint at optical wavelengths and we must turn to tharrie-
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frared where they are brighter. Extinction is less of a peobin the
near infrared, which leads us back to a greater problem atsou
confusion. This has allowed many nearby objects to go utiitksh
until very recently.

.7) reported 11 T dwarf discoveries in théA838
dataset | (Skrutskie etlal. 2@06), three of which were found in
search for mid-late T dwarfs at low Galactic latitudes in2MASS
Point Source Catalogue. Phan-Bao étlal. (2008) detectece®6 n
ultracool dwarfs (UCDs, generally regarded as M7 and later)
a photometric and proper motion search at low Galacticuld¢is

in the DEep Near-Infrared Survey of the Southern sky (DENIS,

Epchtein et gll 1997). Lucas et al. (2010) photometricadlgnti-

fied a very cool T dwarf in the UKIDSS Galactic Plane Survey
(GPS, [(Lucas et al. 2008)). Burningham et al. (2011) idetifa
further two mid-late T dwarfs in the GPS using a similar metho
lArtigau et al. [(2010) identified DENIS J081730.0-615520, @& T
dwarf at 4.9pc and ~ -14° in DENIS, as an unmatched source
between the DENIS and 2MASS catalogues due to it's high prope
motion.Gizis et al.(2011) and Castro & Gldis (2012) idestif2 L

dwarfs within 10 pc of the sun at low Galactic latitudes byrsha
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ing for detections in WISE with no corresponding detectian i
2MASS, indicating a high proper motidn. Castro étlal. (2aai@p-
tified a further 4 L dwarfs by the same method, one of which WISE
J040418.01+412735.6 is close to the Galactic plane and a mem
ber of the small subclass of unusually red L dw et
) identified 246 new UCDs with detectable proper motion
their search for UCDs at low Galactic latitudes using the ERP
COSMOS and 2MASS surve t@om) identified an
unusually blue L5 dwarf less tharf rom the Galactic centre at
17.5 pc distance due to its high proper motion evident in tis¢aV
Variables in the Via Lactea Survey (VVV). Mace et al. (2013a)
and| Cushing et al! (20114) discovered numerous late T dwarfs i
the WISE survey, including WISE J192841.35+235604.9 (T@) a
WISE J200050.19+362950.1 (T8) both of which are bright ob-
jects in the GPS footprint that are likely to be within 8 pc bét
sun (see Sectidn 8.4). ScHolz (2014) used WISE data to fgenti
a 5-7 pc (taking into account the possibility of multipligit~M9
type UCD in the Galactic plane through a photometric sebecti
of candidates followed by identification of those where tharest
2MASS source was-1" from the WISE position.

Recently there have been two new all sky proper mo-

tion searches using the WISE database 2014)

and [Luhman & Sheppdrd (2014), ahd_Kirkpatrick ét al. (2014).
(2013) identified WISE J104915.57-531906.1, a binar
brown dwarf system at 2c. Given their relative brightness, many
of the objects listed above could have been identified inipusv
surveys but for the effect of source confusion on both celmased
and proper motion-based searches. Given the success @it r
searches with the low resolution 2 epoch WISE dataset, @lsear
for high proper motion stars using the 2 epoch high resaiu@®S
dataset could be expected to reveal many previously urifigeht
objects in the solar neighbourhood.

The initial search described here is limited to objects with
K <17 mag,/ > 60° and includes only data taken up to March
31st 2013.

This paper is organised as follows. In Secfidn 2 we describe
the available data. In Sectibh 3 we briefly describe the prope
tion calculation method. In Sectiénd 4 we determine the amur
and reliability of the catalogue. In Sectibh 5 we outlinersbas
undertaken for objects of interest within the cataloguéeitior 6
we summarise.

2 DATA

The UKIDSS GPS covers 1868 (fe'gp J, H, and K passbands to
an approximate & depth of 18.1 in K. It included a second epoch
of K band observations two or more years after the initialobpo
Most of the second epoch K band data are not yet availablesin th
current (8th) GPS data release and have not been procedsed fu
by the WFCAM Science Archive (WSA) team. However, it is re-
trievable through their Archive Listing tool. Using this wktained
UKIDSS GPS K band FITS file catalogues from observationsitake
between May 2005 (the start of UKIDSS) and March 31st 2013
and converted them to ASCII format using software providgd b
the UKIDSS pipeline tearf] based at the Cambridge Astronom-
ical Survey Unit. The observations from this date range gise
epoch baselines of between 1.9 and 6.4 years (see [Eigureoig. M
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Figure 1. The area distribution of epoch baselines and maximum proper
motion limits of the catalogue.

recent data, from March 31st 2013 to the end of 2013, take the
final maximum epoch baseline to approximately 8 years. The ca
alogues were matched using their telescope pointing pasitiln
most cases there were two observations per pointing seplalost
greater than 1.8 years. In these cases we took the earliervabs
tion as the first epoch and the later as the second epoch. le som
cases where there were more than two observations perminti
this is usually due to extra observations that had to be tegean
subsequent nights (e.g. due to low image quality). In susbswe
separated those pointing groups into two further grouparségd

by > 1.8 years between observations. The first epoch K observa-
tion would then be the final observation of the earlier groam

the second epoch K observation would be the final observafion
the latter group, since once an acceptable observation \ads ih
would not normally be repeated.

Once we had identified the first and second epoch observa-
tions for each pointing we matched sources within the cgtado
pairs using a 24" matching radius and an allowance of up to 0.3
K magnitudes difference between sources, returning thienetsh
for each source using a Sky+1d match in STILOOG).
Following initial tests we chose to limit this search to alvagions
with [ > 60°, in order to keep the number of high proper motion
candidates to a manageable level. Since we have a fixed mgtchi
radius and epoch baselines ranging from 1.9 to 6.4 years swe al
have upper proper motion detection limits of between 3. 51216
" yr~!, see Figur@ll. The resultant pipeline input catalogue con-
tained~167 million sources and covered approximately 900*deg
see Figuré2. Note that this method of data collection artifini
processing is very similar to that previously used_in_Smitale
M) to create a proper motion catalogue for the UKIDSS$&ar
Area Survey. The only differences are an increase in thehimagc
radius and a decrease in the magnitude difference tolerdinee
increased matching radius allows us to probe for higherqaromo-
tion sources, at the expense of an increase in the rate ofatibes,
while not negatively impacting our sensitivity towards |pnoper
motion sources. Since the source density is much greatdrein t

http://casu. ast.cam ac. uk/ surveys- proj ect s/ wi cani t echni G#S relative to the UKIDSS Large Area Survey (LAS) the rate of
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Figure 2. The coverage of the two epochs of K band data is shown hereyn@verplotted are the visually verified high proper mosonrces. Empty circles

are previously identified by other authors, filled circles new discoveries.

mismatches is also much higher, the decrease in the magrdifid
ference tolerance is an effort to reduce the rate somewhat.

3 PROPER MOTION CALCULATION

The proper motion calculation method remains almost idahtd
the method used for the UKIDSS Large Area Survey (LAS) de-
scribed bI@M), with a few alterations whiochrev
necessary to deal with the higher source density and pasgsliain
ference.

We select preliminary reference sources that meet thexello
ing criteria based on the data in the FITS file catalogues:

Stellar image profile at both epochs;

K at both epochs between 12.25 and 17.00;
Ellipticity at both epochs< 0.3; and

K uncertainties at both epocks0.1.

arrays) that contained fewer than 100 remaining refereogeces
since inspection indicated that these contained bad data.

We perform a transformation of second epoch array positions
to first epoch array positions using one of two second ordignpe
mial transformations. A transformation matrix is calcethiither
‘globally’, i.e. using reference sources across each whalee;
or ‘locally’, i.e. using reference sources from only a pantiof the
frame local to the target. Where possible we use the locakira
formation (se14 Figure 2 for a justificatiémhis
preference), which selects reference sources from withiadais
governed by the local density and distribution of referesmérces.
More specifically the radius of reference source selectiothé
smallest radius in which we find at least 5 reference sourceach
guadrant around the target, rounded up to the nearest 20%etVe
a minimum of 300" on this value. If there are insufficient rigar
reference sources then we use the global transformatidmoah@t-
stead.

These motions, calculated as the residual to the transforma
tion are relative to the reference stars used. Since thasg ate

The minimum and maximum reference star magnitude selection also moving (albeit very slowly) the motion calculated i$ abso-

was changed from=J16.0 and 319.6 for the LAS to K=12.25

lute. For the LAS we were able to account for this by subtragti

and K=17.00 for the GPS. The decrease in the upper magnitude the calculated median motion of extragalactic sourcesivelto the

limit reflects a shallower & detection limit in the GPS K band than
the LAS J band, and limits the number of mismatches selected a
reference sources since they become more common at faiatgr m
nitudes. The new lower magnitude limit is a conservative afut
slightly saturated sources and also allows us to retaiamtisimi-
nous stars as reference points. In the LAS and elsewherglat hi
Galactic latitude the brightest sources are nearby stdts laige
motions, owing to the small scale height of the Galactic.di$ese
make poor astrometric reference stars. In the Galacticeptamv-
ever, the brightest sources are usually very luminous rtisti@ars
with relatively small motions which make good referencesta
Hence it was advantageous to reject bright sources as mefere
stars in the LAS but the opposite is true for the GPS. Usingehe
preliminary reference sources initial motions were calted as de-
scribed in_Smith et al[ (20114) and we then rejected all refeze
stars with initial motion>10. We rejected all frames (WFCAM

(© 0000 RAS, MNRASD00, 000—-000

reference stars. T MOM) relative to absqtdper
motion correction relied on reasonably trustworthy motpbial
classification| Lucas etll. (2008) found that in the GPS iiga h
source density and resultant high frequency of stellardsenean
erroneous galaxy classifications based on a merge of theahd,

K band classifications are common. In the FITS file data we use
here we have morphological classifications based on a siagld
detection, which is even less reliable. Furthermore, tlogofaof

~10 increase in the number of sources meant that it was neces-
sary to split the input catalogue into some 20 subsets anthoge
through the pipeline individually. THe Smith ef al. methddaa-

tive to absolute correction involved selecting extragatasources
from within 3° of each target frame, meaning that fields near the
edges of the dataset would be corrected using fewer exaetgal
sources than fields- 3° from the edge. Splitting the input cata-
logue created many more field edges than would be the case when



4 L.Smith et al.

processing the catalogue as a whole. For these reasons we cho

not to perform the relative to absolute conversion.

Despite the lack of relative to absolute correction, tha-rel
tively large distance to most stars in the GPS and their cpresaly
very small proper motions should provide a zero point théirsy
near to absolute. We calculated sample relative to absotutec-
tions using the Besancgon mod003) and ffiad t
the correction is always. 5 mas yr ' in the area covered by this
paper.

4 RESULTS
4.1 Reliability

Due to the high incidence of false high proper motion detesti
we found visual verification to be essential. To reduce thalrer
of candidates to a manageable quantity for visual verificatie
adopted the following quality criteria based on tests onlsstiof
the data spread throughout the plane.

[ >60°;

Proper motion>200mas yr~*;

Classified as stellar at both epochs;

Ellipticity at both epochs<0.3;

K < 17 at either epoch; and

Fewer than 10 other candidates in the same 13:653.65’
frame.

In a preliminary test of this selection we found no genuinghhi
proper motion sources in any frame containing greater tBarah-
didates meeting those first five criteria. This is due to isicio
of a small number of poor quality frames due to the use of FITS
file data which has not been quality controlled. These poatityu
frames generate large numbers of spurious detectionsesadén-
tification and removal was desirable. The above selectiodymed
5,655 good candidates for genuine high proper motion ssuAqe
proximately 61% of sources atK 17 pass the class and ellipticity
cuts, and we therefore adopt this figure as an estimate ofotine ¢
pleteness of this selection. We note that the regidn0°® could
be investigated if the search is limited to bright but unssted stars
in the 12<K <14 magnitude range.

To identify genuine high proper motion sources we blinked
the candidates in sequence by calling DS9 in blink mode. dRegi
were overlaid showing the position of each source at thedfisth,
the calculated position of the source at the second epochlFi
and the radius of first order cross-talk. During array reaedec-
tronic cross-talk can cause fainter duplicate images afratgd or
near-saturated sources at a distance oh238els (in the case of

Figure 3. First epoch K (top) and second epoch K blinking im-
ages generated by DS9 for the known high proper motion object
2MASS J19483064+2321473. Our proper motion for this soisc295
mas yr—t. The images are separated by 5.15 years. The regions aeelplac
at the same position on both images relative to their WCS.xI'khows the
first epoch K band position of the source, the circle showsdtis of mo-
tion between the image epochs, the line shows the direcfidravel and

its length corresponds to 10 years of motion. The interseaif the circle
and line therefore shows the expected position of the satrtiee second
epoch. There is another circle with a radius of 256 pixeldreenon the
first epoch position of the target, which falls beyond thertaries of these
images, corresponding to the distance of a saturated orsaéaated star
that could cause first order cross-talk at the target posifitie bar below
the source in each image shows 10” and they are oriented mpehst left.

rapidly with decreasing Galactic longitude, the ratio déésto gen-

2x 2 microstepped images as we have here) from the bright sourceuine candidates is 1:1 atl = 180°. The density of genuine high

in either thex or y direction depending on the readout direction.
. 6) discuss cross-talk and other data artefaesent

in WFCAM data. The overlaid regions made identification ofmi
matches and cross-talk, which were the dominant sourcels# fa
detections, straightforward. To add to the visual crofisitenti-
fication we also used software designed to identify possities-
talk in WFCAM data using the positions of bright nearby 2MASS
sources. This identified a small number of additional ctafis-
sources that had initially been missed. We identified 61 7ugen
high proper motion sources from within this sample whicregian
overall ratio of false to genuine candidates of 9:1. Fidishdws
the distribution of false and genuine high proper motioredgbns

in Galactic coordinates. The fraction of false positivesréases

proper motion sources appears fairly uniform.

Figure[® shows that the fraction of false positive proper mo-
tions is much greater at the high proper motion end. This is un
surprising since the large radius of apparent motion betvtke
images allows for a higher incidence of mismatches. For dinges
reason sources with an apparent low proper motion are eeghéat
be more reliable than those with high proper motion. At loagar
motion the major source of false detections shifts to catlssThis
can be identified and removed fairly reliably by searchingfight
2MASS sources at 51" radius from the target. We find that re-
moval of crosstalk sources in this way increases the gerftéice
tion amongst relatively low PM candidates (200-300s yr 1) to
~85%.

(© 0000 RAS, MNRASD00, 000—000



| False «++ Genuine|
6 ‘ —— ‘ ‘
X ) o o Y ] Sace
i FRNE R Sl
2 .o.“. s ¥ 3 .ol:ﬁ: .0':“ <
ISR A3 SEEE, g S
Yl ST o 6 o ganne ,,ﬁ'ab...
_2—.. . 8 .u" “\.':.h . A K
-t e ¥ e L s Ve
_ ® ..' \l. L \. "., L L t'.‘bw
&0 80 100 120 140 160 180 200 220
700
600}
500}
1=
< 400f
o
O 300}
200}
100}
%o 80 100 120 140 160 180 200 220

l

Figure 4. The distribution in Galactic coordinates of high proper imot
candidates identified as false (grey) and genuine (bladkg. dpper panel
shows the coverage in Galactic coordinates and that theaeatistribution
of genuine high proper motion objects is fairly uniform asdhe field, in
contrast to the increase in false high proper motion objitsdecreasing
Galactic longitude. The lower panel shows the distributio@Galactic lon-
gitude alone. Increased coverage width in Galactic latitodrresponds to
and accounts for the peaks in the distribution, which ismtise fairly flat.
The large number of false high proper motion candidatesvatGalactic
longitudes is driven by the large increase in source demsiative to high
Galactic longitudes which increases the frequency of miches.
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Figure 5. Histogram showing the decrease in the fraction of genuigh hi
proper motion detections as total proper motion increaBes.sample of
sources described in Sectibn14.1 were sorted by total pnomgion and
binned into groups of 200 sources. Note that thexis continues to 16
arcsec yr—1, though the genuine fraction remains at zero past what is
shown here. The fraction of genuine high proper motion sEsinacreases
rapidly with decreasing proper motion.
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4.2 Accuracy

To evaluate the accuracy of the proper motions we compaged th
to the long epoch baseline optical catalogueh
(2005, LSPM; covering the north) ahd Boyd et al. (2011a, 2011
covering the south). We identified 406 sources common to the
LSPM catalogue and 15 common to t al. catalogues. Fi
ure[® shows a comparison of the total proper motions of the 421
sources between the catalogues, for which Pearson’s ratore
coefficient is 0.996. Of the sources in common with the LSPM,
69% of the proper motions agree within their incertainties, we
omitted thd Boyd et al. proper motions from this calculatiimce
the authors do not provide an estimate of their uncertainty.

To evaluate the accuracy at the lower end of the proper motion
scale we selected sources with proper motio200 mas yr !,
[ > 60°, K magnitude at either epock 17, K magnitude un-
certainty at both epochs 0.1, ellipticity at both epochs: 0.3,
and classified as stellar at both epochs. The distributiotota
proper motions of this sample is shown in Figlite 7. For coimpar
son we also include a sample of low proper motion sources from
the LAS [Smith et dll 2014), with J magnitude at either epech
18.5. The GPS proper motion distribution is highly peakedaials
pu < 10mas yr~* which is expected since we are largely sam-
pling distant main sequence stars and giants with very singler
motion. This tends to suggest that the reliability of thetmgue re-
mains high ajx < 200mas yr~*, continuing the trend indicated
in Figurd®. By contrast, in the LAS (i.e. outside the Galaptane)
we are sampling relatively nearby stars which might be etgabio
have (marginally) measurable proper motions, which coxjdegn
why the distribution in Figur&]7 is less strongly peaked taisa
zero. We tested this by generating a catalogue sample featne
region and magnitude range as the LAS dataset using the @asan
models. We found that the typical proper motions of the medsi-
ple were in the range of 0 to 2@as yr—* and consistent with the
data in Figur€l7 after making allowance for the uncertainitiethe
LAS proper motions.

Note that we still produce proper motions for mildly saterht



6 L.Smithetal.

0.8

0.7

0.6

0.5

0.4

0.3

Normalised Count

0.2

0.1

50

00 — L L
0 100 150 200

Mo (relative, mas yr=?)

Figure 7. The distribution of a sample of low proper motion sourcesi t
GPS (black) and the LAS (grey).

objects as the morphological classification flag for saimman the
FITS catalogues is not always reliable. As a result we would e
courage that proper motions for sources brighter thanlK be
used with caution.

5 DISCOVERIES

In order to characterise the new high proper motion objeetsol-
lected r and i band photometry from the INT/WFC Photometric H
Survey (IPHASS), specifically a preliminaer-
sion of the DR2 catalogue (Barentsen et al. 2014), and thel Han
band photometry from either the UKIDSS DR8 GPS catalogue or
their FITS file catalogues which were retrieved from the WSA u
ing their archive listing service. Additionally, an IPHA®t@ction

at a third epoch allows us to safely rule out the possibitigt two
transient objects (e.g. solar system objects) producegparant
proper motion of a single object.

matches to the same high proper motion source. We belieséathi
be due to missed matches in the creation of the band-mergad ca
logues by the WSA since these high proper motion sourcessalmo
all have motions between the epochs greater than the 1” imgtch
radius used by the WSA for GPS data. Additionally, the graanes
mostly pairs where the first match is a K1 detection only ard th
other is a K2 detection only (K1 being defined in the WSA as the
K epoch contemporaneous with the J and H data).

We then matched to the J and H band FITS file catalogues
taking into account the proper motion of the source to cateuthe
expected position of the target in these images.

Where the catalogue photometry might possibly be unsatisfa
tory (e.g. an IPHAS non-detection, or a high contrast bineiti a
small separation where significant PSF overlap was likelyae
occured) and the target was deemed interesting (e.g. a Uadi-ca
date), it was necessary to perform additional photometeyugéd
the IRAF DAOPHOT package in these cases and the targets in
question are identified in their tables and/or text.

5.1 New High Proper Motion Sources

To identify those high proper motion sources already in iteed-
ture we cross checked against both SIMBAD and VizieR. Betwee
them these services contain several catalogues of verifgdd h
proper motion sources (e.g. the LSPM cataloh
[2005; the search Hy Boyd eflal., 2011a, 2011b) which areylikel
have previously identified many of the same sources from iffe 6
that we identified.

We used the SIMBAD script service to compile a list of all
stars in their database with proper motipri00 mas yr~'. To
this we matched the epoch 2000 positions of our high proper mo
tion detections using a 15” matching radius, keeping orgydios-
est match. We considered these matches genuine and thes sourc
known if the J, H, and K photometry taken from the 2MASS Point
Source Catalogue (Skrutskie efal. 2006) did not differ byreno
than one magnitude. We note that most matches with differing
photometry also had large proper motion differences. Wa-ide
tified 426 of our sources in the SIMBAD database, leaving 191
unknown at this stage. We identified all catalogues in thee¥iz

The r and i band merged catalogues are available in the IPHAS database which contain any source within 15" of the positibn

DR2 catalogue. A small number of the high proper motion sesirc
were in IPHAS fields observed in poor weather and for thisoeas
are not present in the DR2 catalogue. However, the photametr
uncertainties take the poor observing conditions into actand
we included them where necessary. The coordinate of eacA$PH
source is taken from the r band. Where an r band detectiorsis-mi

each of our remaining high proper motion candidates. We dis-
missed identifications from the catalogues which were repiba
identified but do not contain visually verified high propertion
source discoveries. These include proper motion catatogueh

as the USNO-B1.0 Catalogd, (Monet etlal. 2003); the PPMXL Cat-
alog [Roeser et &l. 2010) and photometric catalogues suteas

ing the i band is used. We took the proper motion of each source WISE All-Sky Data Releale); the UKIDSS-

into account by identifying the nearest IPHAS source to tiRSG
source’s expected position at the IPHAS epoch. We visually i
spected all IPHAS images to ensure that the catalogue pledtpm
was not compromised by blending or astrometric errors. Wado

17 matches located 1” from their expected position, only one of

DR6 Galactic Plane Surv008). Of the 191cssur
checked, 29 were identified in other surveys (the majorigntdied
by., 20114, 2011b, which are not present in the IMB
database) and 162 had no corresponding sources in any \dateR
alogues other than non-verified proper motion catalogudssam

which was a genuine IPHAS match, UGPS J211859.26+433801.3 gle epoch photometric catalogues. Subsequently we idehsfght

(see Sectiorfs 5.2 ahd 5.B.1). The other 16 were mismatchallyus
due to a non-detection of the target in the i band.

more sources in common with the searcHMn@ZOM) and
another with Luhman & Sheppard (2014). The remaining 158 hig

We matched to the UKIDSS DR8 GPS catalogue using a ra- proper motion sources we consider to be new discoveries amd c

dius which took into account the possibility that our pasitepoch

be found in Tablé”All. We note that the known high proper mo-

(the first K band epoch), is not always the same as the epochtion sources include twelve very recent WISE-based promeiom

from which the WSA take positions. We found that 444 of the
high proper motion sources were matched to only one UKIDSS
DR8 source, with a further 43 instances where there weraptault

discoveries from Kirkpatrick et al, (2014), and Luhman (2pand
[Luhman & Sheppald (2014) which had relatively poor astroimet

precision. In Tabl¢_AR we provide GPS proper motions for ¢hes

(© 0000 RAS, MNRASDOO, 000-000
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Figure 8. The distribution of known (grey) and newly discovered (B)ac
high proper motion sources identified by this work.

objects, which benefit from higher resolution data and lonigee
baselines.

5.2 New L Dwarf Candidates

Brown dwarfs have insufficient mass to support nuclear hyeino
burning. Since they lack a significant internal heating na@ém
they cool over time through the brown dwarf sequence. Theitoro
dwarf sequence begins with very young examples of late M type
dwarfs and progresses on through L and T type dwarfs into Y
dwarfs. An L type dwarf can also be either a low mass star or a
brown dwarf depending on its mass and age (se et
@). L dwarfs occupy the 2250 K to 1400 K temperature range
(Kirkpatrick et al. 1999), which allows dust to form in theiho-
tospheres producing many spectral features not preserdarnmev
objects. Almost a thousand L dwarfs have been identified te da
but more discoveries of unusual L dwarfs are still neededdthe
development of evolutionary models and model atmosphé&@s.
example relatively few L dwarfs are known in astrometricanias,

yet these are crucial for accurate mass determination. cfewdth
unusual colours, low metallicity and halo kinematics, ama sur-

face gravity (see e.g. Kirkpatrick etlal. 2010, Faherty £patl 2)

are also poorly sampled.
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roughly consistent with a late M dwarf and would match tha-rel
tively blue J-K colour. The WISE WAW?2 colour for this object
is 0.29+ 0.05 which is within the range seen for normal late M
dwarfs (Kirkpatrick et all 2011). We also note that it is thalyo
candidate in the list with and HK colour greater than its-JH
colour. Another candidate, UGPS J054457.43+370504.1keky|
to be within the 25 pc volume limited sample. We estimateiis d
tance at 16 to 23 pc assuming a spectral type of B215subtype
and using the spectral type to J band absolute magnitudgorela
of Dupuy & Liu (2012). We identified an additional L dwarf cand
date which did not meet the original high proper motion ceatt
selection criteria, UGPS J065420.86+040056.5, see SEGIR02.

5.3 New Benchmark Ultracool Dwarf Candidates

Ultracool dwarfs as binary companions to other objects. f@ajn
sequence stars or white dwarfs) offer an opportunity to tiest
properties predicted for them by atmospheric models andéhen
evaluate and refine the models themselves. Age and metadlia
difficult to constrain observationally in UCDs and thesepenties

can sometimes be measured for a companion and then adopted fo
the UCD since they will usually have formed from the same mole
ular cloud at a similar tim06).

We undertook a search for new benchmark UCD candidates
using two methods: The first was a straightforward searchusf ¢
rent proper motion catalogues for companions to the 153quisly
unidentified high proper motion sources. The second methad i
wide search of the full 167 million source results table fomenon
proper motion companions to all 617 genuine high proper onoti
sources.

5.3.1 Existing Catalogue Search

For the search of existing proper motion catalogues we used
the LSPM catalogue for the northern sources, which also con-
tains the Tycho-2 Catalogue of 2.5 Million Bright Stars (fige

2,[Heg et all 2000) and the All-sky Compiled Catalogue of 2.5
million stars (ASCC-2.501), and the cataéog
created bI. (2011a, 2011b) for the small number of
our objects in the south. We performed a 1000” sky match, re-
turning all matches with proper motion difference significa in
acosd andé combined< 2o. TheI. search yielded no
results. Tablé]2 shows the seven candidate pairs identifi¢lei
LSPM search, two of which are matched to the same GPS source

Since detectable L dwarfs are relatively nearby and as such (UGPS J211859.26+433801.3) and are therefore a canditfzée t

tend to exhibit large proper motions, we searched our higper
motion sample for previously undetected examples. L dwexfs
hibit a range of near infrared colours dependant on a number o
factors. They are relatively faint in optical bandpasses fan this
reason optical to infrared colours are very useful for idgimg
them.

system. Below we discuss the two systems in which the newly di
covered high proper motion object may be an ultracool dwarf.

UGPS J211859.26+433801.3 is a close, faing ¢~ 3.7, J= 14.7,
p = 215+4 mas yr~ ') companion to the bright M dwarf LP 234-
2220. LP 234-2220 was classified as an M3.5 dwarf with an esti-

We classified sources as L dwarf candidates if they displayed mated distance of 53438.1 pc using spectroscopic observations by
i-J > 4 (where the IPHAS i magnitude is on the Vega system), or .4). The pair are separated by 2.2” and the &eill

had estimated L spectral types using the system of Skrzypak e
(in prep). The 13 candidate L dwarf we identified are listetidhle
[I. One candidate, UGPS J063333.37+100127.4, is unusualy b
for an L dwarf, with 3-K of 0.94. We note however that the IPHAS
field containing this object was observed in poor weathet,tae
photometry is unreliable as a result. This object also faithin

mr) spectrum may be contaminated by flux from the companio
though the level of contamination should be small and thetsple
classification still reasonably accurate.

Due to the high contrast and small separation between the pai
we deemed it necessary to re-measure the full range of pledtpm
from the original image files. In each case we used a backgroun

the area of the Galactic plane covered by the SDSS. The SDSScount level equal to the median counts in a one pixel wide annu

i band magnitude of 19.08 gives us an i-J colour of 3.9 which is

(© 0000 RAS, MNRASD00, 000—-000

lus with a radius equal to the separation between the patrezkn
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Table 1. L dwarf candidates based on red optical to infrared colondsaaminimuny? fit of the
available photometry to brown dwarf colour templates. Thand photometry is from the IPHAS
survey and is on the Vega system. We note that these spaqies are approximations based on
available photometry, which was limited in some cases.

RA Dec K i—J JH H-K SpTyest. Note
03:53:04.59 +47:55:45.6 14.59 3.8 0.61 0.58 LO @
04:46:39.22  +40:54:52.9 15.60 ~4.0 0.63 0.61 L1 d
05:44:57.43  +37:05:04.1 12.36 4.1 0.80 0.74 L2.5 @
06:33:33.37  +10:01:27.4 14.21 41 043 051 LY
06:47:12.29  +08:24:40.0 15.17 ~3.8 0.63  0.59 LO0.5 d
19:55:30.48 +26:13:13.1 16.99 >2.2® 082 0.67 L3.5 a
20:05:30.35 +36:35:50.7 16.01 >3.0® 0.86 0.60 L9.5 d
20:17:31.27 +33:53:59.5 16.01 >3.1°® 0.74 0.60 L2 d
20:31:32.54  +43:03:19.4 14.27 4.4 0.83 0.75 L4 @
21:14:25.17  +50:10:15.9 1451 3.9 0.78 0.79 L3 @
21:18:59.26  +43:38:.01.3 13.50 ~3.1¢ 0.6° 0.3 €
21:19:52.83  +48:26:12.0 14.74 4.4 0.66  0.58 L1 @
22:07:06.47  +53:52:53.3  15.00 4.1 0.63  0.59 L1 @

@ Spectral type based on a photometric typing by Skrzypek €@14, in prep) using available

optical and NIR photometry.

b Not visible in i band image, lower limit on i band photometaken as the magnitude of a3

detection.

¢ Performed own photometry in i, J, H, and K. Near infrared nodchave+0.3 uncertainties.
d Spectral type based on a photometric typing by Skrzypek @14, in prep), though missing

several bands.
¢ In a binary or triple system, see Sectfon|5.3.

f Based on IPHAS observations in poor weather, this objecSIz8S coverage giving i-J of
3.9 and an revised spectral type estimate of M8.5.

Table 2. The seven candidate companions identified in a search ofSR&/Lcatalogue, two of which are matched to the same GPS saundce
are therefore together a candidate triple system. Theffirsetcolumns are those of the GPS source, the next four ane &8PM candidate
companion. The coordinates given are at epoch 2000.0. Tdpepmotions of the candidate companion identified by arriaktare those of
the Tycho-2 catalogue (as indicated in the LSPM catalogutadwstrometric flag), otherwise they are those of the LSPIMprAper motions
are in units ofmas yr—!. Ky is the 2MASS short K band magnitude obtained from the LSPIdlogtie.

« é K

i-J

Name

Lo COS O 1753 Ks Separation A

n

@) Significance ¢)
04:02:29.42  +48:12:56.6  16.53 0.64 LSPM J0402+4812 139 3-225.49 2.1 0.66
04:35:19.94  +43:06:09.4 11.13 1.94 LSPM J0435+4305 155 -163 7.62 67.3 1.35
21:11:04.39  +48:00:21.9 11.87 1.89 LSPM J2109+4811 183 1271.25 949.2 0.84
21:18:59.26  +43:38:01.3 13.50 ~3.1 LSPM J2118+4338 177 116  10.23 2.2 1.62
21:18:59.26  +43:38:01.3 13.50 ~3.1 LSPM J2119+4352 170 139 10.03 931.2 0.43
21:32:12.97 +44:52:29.3  15.67 1.58 LSPM J2132+4452 164 13B3.79 28.5 0.99
21:41:15.07 +56:40:12.9 14.01 3.02 LSPM J2141+5640 224 2471.34 5.6 0.62

2 Owing to their very large angular separations these arlylideance alignments, see Section 5.3.3.

on LP 234-2220. The uncertainties in the new photometry elre r
atively large, as much as 0.3 mag in each case. For this reeson
relied more on the magnitude of the contrast than opticaifoaied
colours as an indicator of spectral type since the uncéytaimthe
contrast is dependant on the uncertainty of only one phdtime
measurement of the secondary, rather than colour whichpierde
dent on two. A companion-J colour of~3.1 suggests a spectral
type around M6-7. A primary of type M3.5 (M~ 7.8) and &\ ; ~
3.7 suggests a spectral type for the companion of around/M®.5

common

identified another
proper motion

We

this

very widely separated (15.5)
companion to

system:

unreasonable assumption given its high proper motion. rhites
spectral types and IPHAS optical and GPS infrared magrstude
between LP 234-2220 and 2MASS J2119+4352 suggest a similar
distance. The LSPM proper motions for 2MASS J2119+4352
and LP 234-2220 which do not suffer from the saturation seen
in the GPS for these bright objects, differ by =5The angular
separation gives a projected separation of order 50,000483x.
Such a system is unlikely to have survived for any significant
length of time and the IPHAS narrow band photometry indieate
that neither component has any exces& kEmission (which
would have indicated youth). We find in Sectibn 513.3 that we

2MASS J21193088+4352264 (2MASS J2119+4352 hereafter, expect to find several pairs of sources in our sample with such
see also TablE]3). The IPHAS r-i colour of 2MASS J2119+4352 large angular separations and similar proper motions that a
suggests a spectral type of M3.5 based|on Drewlefal. (2005) not physically associated. We therefore conclude that itéas

Table 2 and assuming the object is unreddened, which is not an

(© 0000 RAS, MNRASD00, 000-000
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proper motions of LP 234-2220 and 2MASS J2119+4352 are most limit should still be reasonably accurate. UGPS J0342+3lbas

likely coincidental.

J=16.6A0.02 and H=16.12+0.02, this gives a lower limit on i-J
of 4.5 which corresponds to a spectral type later than orlequa

UGPS J214115.07+564012.9 (UGPS J2141+5640B hereafter) isaPproximately L1. The infrared colours of UGPS J0342+5410 B

a pu = 33912 mas yr~' common proper motion companion
to G 232-30 with a separation 6f5.6". G232-30 appears to be
an MO/M1 type dwarf based on its i-J and near infrared colours
which given the J band contrast (2.85) between the pair and as
suming their genuine companionship and no unresolved pligki

ity in either component suggests that UGPS J2141+5640B-is ap
proximately M5/M6. The i-J colour (3.02) of UGPS J2141+5B40
suggests an approximate spectral type of M6.5 and thisoscais-
sistent with its J-H colour (0.57, although this changey Vittle
across the M dwarf sequence). However, H=KD.47 for this ob-
ject, which suggests a later type M dwarf (M7/M8). On balaitce

is most likely that UGPS J2141+5640B is an M6.5 dwarf.

5.3.2 Internal GPS Search

For the internal search of the full GPS proper motion restalts
ble we search for candidate common proper motian ( < 20
mas yr~ ) companions to all 617 identified high proper motion
GPS sources with separations up to 30’. We applied no further
quality control or brightness selection criteria to thedidate list

in order that we not reject any potentially valuable sourdas

to e.g. a profile misclassification at a single epoch, thieciin
returned 1032 candidates. A visual inspection yielded 4luige
high proper motion objects within this sample after remaxab
duplicate sources from frame overlap regions. Among these w

find 11 instances where both components are among the drigina
617 GPS high proper motion sources and hence they produee a re

versed pair (i.e. two instances with switched componergs)oval

of these pairs left us with 19 candidate common proper mgi&rs
which we show in TablE]3. Since all the companions did not meet
the original high proper motion source candidate seleatid@gria
their astrometry is likely compromised and the uncertaonythe
proper motion will be underestimated, as a result the stsitgfi-
cance of the proper motion difference should be regardedoagean
limit.

Based on the i-J colours of the original GPS high proper mo-
tion sources from Tablg 3 and their K band contrasts we ifiedti
pairs 1, 2, and 12 as candidates for new UCD benchmark objects
Based on the positions of the three candidate primaries itari
reduced proper motion (k) vs. i-J plot, the primary in pair 2 ap-
pears to be a white dwarf (faint inH blue in i-J) while the re-
maining two candidate primaries appear to be main sequearce s
with the primary of pair 12 just on the edge of the subdwarfioc
(unremarkable i-J, faintin H). Inspection of the IPHAS i band im-
ages and catalogues showed that the secondary in pair Zakie@qu
band brightness to the primary (17.39) and it is therefiayithat
they are a pair of equal mass white dwarfs given their alnuesiti-
cal i-K colour. The secondaries in pairs 1 and 12 are nonetletes

(J-H= 0.55, H-K= 0.43) are somewhat bluer than expected for a
typical L type dwarf and suggest a late M spectral type. Thar ne
infrared colours of UGPS J0342+5410 A suggest a spectraldfp
approximately M1.54 1.5 subtypes, using 2MASS photometry as
the GPS photometry is near saturation). Given the contaéistlve-
tween the pair we can say the secondary is between M8 and L1 and
could be either a red late M dwarf or a blue early L dwarf, fallo

up spectroscopy will be needed for confirmation.

UGPS J065311.66+034750.7 and UGPS J065420.86+040056.5:
- pair 12 in TabldB, UGPS J0653+0347 £ 251+6 mas yr ')
and UGPS J0654+0400u(= 258+15 mas yr~') hereafter.
UGPS J0654+0400 is an IPHAS i band non-detection, the 3
detection limit of the field is 20.3. It has J and H band magni-
tudes of 18.86:0.07 and 17.860.05 respectively giving a lower
limit on i-J of approximately 1.4. The near infrared colow®
UGPS J0654+0400 (J-H 1.00, H-K = 0.75) indicate it is an L
dwarf (see e.g. Day-Jones eflal. 2013). The Dupuy & Liu (2012)
spectral type to absolute magnitude relation for LO to L9 disva
suggest a distance to UGPS J0654+0400 of 75 to 300 pc. This pai
are separated by 21.7’, and we find in Secfion 5.3.3 that we ex-
pect several pairs of sources in our sample with such larga-an
lar separations and similar proper motions that are notipalp
associated and therefore conclude that this likely to beamah
alignment.

5.3.3 Notes on Chance Alignment Probabilities

Here we evaluate the probability that the common properanoti
companions discussed above are chance alignments. Quagesti
are drawn from large simulations made with the online Besanc
synthetic stellar population t003). Theatogues
were generated with a K magnitude range equivalent to our our
high proper motion sample, using the Galactic position ahea
candidate. We generated "small field” simulated cataloguiéls
several million stars (equivalent to a 1500 8egea but with prop-
erties fixed for the precise Galactic location) for each efttimary
candidates discussed. The catalogue simulations genmeedistic
proper motions for each source but do not produce physieaHy
sociated systems (such as moving groups or hinaries). All-co
mon proper motion companions in the sample are therefordypur
chance alignments. We then identified all sources withi eao-
ulated catalogue that have a proper motion consistent hWélcPS
component of the binary candidate, within tlkehcertainty on the
proper motion difference. The approximate probability cbarce
appearing within a given angular separatioand with a common
proper motion to one of our GPS high proper motion sources is
therefore the number of matches in the simulated catalogug-m
plied by the area of a circle with radius divided by 1500 deg

in the IPHAS i band images and are promising UCD candidates asye must also take into account that we have 617 high proper mo-

aresult.

UGPS J034214.85+541019.6 AB: - pair 1 in Tadé 3,
UGPS J0342+5410 AB hereafter. UGPS J0342+5410 B is an
i = 240+12 mas yr— ' IPHAS i band non-detection, ther3e-
tection limit of the field is 21.2. The pair are separated [/'.2.
Flux from the primary at this radius only increases the bemkgd
count level by of order 30% in the i band image so the detection

(© 0000 RAS, MNRASD00, 000—-000

tion objects, and therefore 617 chances of finding such acehan
alignment. For each binary candidate discussed above atetre
this using a simple multiplicative factor. In fact there s vari-
ation in the number of proper motion matches in the simulastd
alogues, depending on Galactic coordinates and the directi
proper motion but tests indicate that this is less than afauft4.

In the cases discussed above with separatioris the probability

is always less than 10 so the factor of 4 is not significant. Note
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Table 3. Internal GPS common proper motion companion candidatelsin@s 2 to 4 refer to the original GPS high proper motion sewned columns 5 to
8 refer to the GPS source which did not meet the original higipgr motion candidate selection criteria. The coordmaigen are at epoch 2000.0. The
dropout note indicates the reason the companion was nateelas an initial high proper motion candidate. Dropoueray: a - flagged as saturated at
either epoch; b - flagged as a galaxy at either epoch; c - bad within 2” aperture flag at either epoch; d - ellipticity 0.3 at either epoch; etto+ just
below original selection criteria (20@as yr—1); f - neither epoch K band magnitudes below 17. In the ‘Knoaoiumn the left tick/cross corresponds to
the original GPS source, the right tick/cross correspoadbe new GPS companion candidate.

Pair « 1) K « é K Dropout Separation Ay Known
Note @) Significance )
1 03:42:14.85 +54:10:19.6  11.14 03:42:14.52  +54:10:18.85.64 bd 2.9 1.10 oo
2 04:02:29.42  +48:12:56.6  16.54 04:02:29.21  +48:12:56.86.57 b 2.1 0.47 ot
3 04:33:14.79  +40:47:35.8 12.63 04:33:14.76  +40:47:37.83.024 b 2.0 0.10 o
4 04:39:15.47 +39:06:31.1 13.82 04:39:16.15  +39:06:36.42.52L e 9.4 1.48 oo
5 05:15:07.12  +45:13:00.6  11.80 05:15:06.99  +45:12:59.92.84 b 1.6 0.93 o
6 05:21:43.70  +33:22:05.5 10.01 05:21:43.46  +33:21:58.85.74 b 7.4 1.15 oo
7 05:27:46.10 +44:35:34.2  11.58 05:27:46.99  +44:36:11.4 .62 9 a 38.4 0.39 oo
8 05:27:46.94  +44:36:13.9 10.87 05:27:46.99  +44:36:11.4 .62 9 a 2.7 1.05 oo
9 05:34:21.85  +42:27:39.0 11.91 05:34:21.82  +42:27:37.33.24 b 1.8 0.68 oo
10  05:47:33.08 +38:03:05.5 15.02 05:47:32.93  +38:03:05.26.91 b 1.8 0.44 oo
11  06:48:20.56 +05:40:33.5 11.20 06:48:20.30  +05:40:30.19.09 a 5.1 2.12 oo
12 06:53:11.66 +03:47:50.7 12.44 06:54:20.86  +04:00:56.57.11 cf 1300.1 0.95 oo
13 20:40:04.51 +42:21:07.1 12.03 20:39:52.64  +42:20:33.80.91 d 135.7 0.64 oo
14  20:55:51.57 +43:27:48.1 13.22 20:56:56.34  +43:08:08.11.19 a 13753 0.84 oo
15 21:18:59.26  +43:38:01.3 13.50 21:18:59.30  +43:38:03.50.04 a 2.2 1.83 oo
16  21:18:59.26  +43:38:01.3 13.50 21:19:30.94  +43:52:26.89.89 a 931.2 1.27 oo
17 21:23:42.21 +44:19:17.1 12.76 21:23:43.45  +44:19:28.00.59 a 17.2 0.13 oo
18  22:21:29.14  +55:56:00.1 14.20 22:23:34.94  +56:10:05.10.39 a 13503 1.61 oo
19  22:37:06.22 +55:54:40.8 10.82 22:37:05.95  +55:54:44.30.33 a 4.2 0.55 oo

1 Known high proper motion object is actually a blend of botmponents, previously unresolved.
2 Owing to their very large angular separations these arylitteance alignments, see Section 5.3.3.

that for each candidate companion the Galactic coordinpteper dwarfs they tend to exhibit relatively large proper motidfsr this

motions and angular separations are different and theyireequ reason proper motion searches such as this could be expgected

unique calculation as a result. identify many examples of T dwarfs. We have found two new ex-
In Tabled? anf13 we listed six very widely separated.@’) amples of T dwarfs, which we describe below, among the 153 pre

common proper motion companions to sources in our sampte, tw viously unidentified high proper motion sources due to thhar-

of which contain a UCD candidate that were discussed in more acteristic blue J-H and H-K colors. We also recover UGPS 2072
detail. For these two systems the above calculation inetictitat 05 amongst the 617 high proper motion sources. The two GPS T
the expected number of chance alignments in our sample isl8 an dwarfs identified by Burningham etlzl. (2011) are faintentbar K

13 respectively. Even allowing for the factor of 4 uncertpiwe =17 cut and were not recovered as a result. Two very nearbltbrig
still expect to find a few examples in our data so we conclude th T dwarfs in the GPS footprint were identified by the WISE team r
these are chance alignments. cently. WISE J192841.35+235604.9 (Mace élt al. 2013) li¢sides

the area covered by this paper and WISE J200050.19+362950.1
I4) was excluded due to a high ellipticitgl a
5.4 New T Dwarfs profile misclassification in the second epoch K band observat

] Our proper motion for WISE J200050.19+362950.1 is=75and
T type brown dwarfs are later in the brown dwarf sequence than 41519 a5 yr ! in a cos § ands respectively.

dwarfs. As they age and cool through the brown dwarf sequetrece
dust present in L dwarf atmospheres sinks below the photwsph

and its effect on their spectra disappears. The cooler teanpes UGPS J20480024+503821.9 (UGPS J2048+5038 hereafter) was
of T dwarfs allow molecules such as methane and water to form, identified as a 316.30 4 = 267+11 mas yr*, IPHAS i band
which are responsible for the deep absorption featuresadxsen non-detection. Thed IPHAS i band detection limit of this field
their spectra. They emit most of their radiation in the ne&rared is 20.4+-0.4, which is consistent with approximately M9 or later
and for this reason recent large scale near infrared skegsi(e.g. based on i-J¥4.1). The blue nature of this object in-8 and

2MASS | Skrutskie et al. 2006; DENIS, Epchtein et al. 1997: CF H—K (-0.07 and 0.05 respectively) and the-M/2 and W1-W2
BDS,[Delorme et dl. 2010; UKIDSS, Lawrence ef al. 2007) are re colours (1.5 and~1.6 respectively) suggested that this was likely
sponsible for the majority of current T dwarf discoverieatér type amid T type dwarf. The source is not included in the WISE Al Sk
T dwarfs are cooler still and the WISE missi) Catalogue nor the AlIWISE catalogue but it is visible in théSE

in the mid infrared becomes more sensitive to them at arod T images as a faint source in a crowded field and it is includeden

and later. To date several hundred T dwarfs have been ichtifi WISE L1b source table, which includes less reliable photone

T dwarfs are extremely faint, even in the near infrared aed ar The H-W2 and W1-W?2 colours (1.5 and~1.6 respectively) are
only detectable by the current generation of large scale\iiReys bluer than expected for a mid T dwarf but the uncertaintiesikh
out to of order 100pc. Due to the close proximity of deteaabl be assumed to be large.

(© 0000 RAS, MNRASD00, 000—000
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Figure 9. An IRTF SpeX spectrum of the previously unidentified T5 dwarf
UGPS J2048+5038.

We obtained a NASA Infrared Telescope Facility (IRTF)

SpeX 3) spectrum of UGPS J2048+5038 (see

Figure[9) on the 30th of September 2013 using the 0.8” slit in
prism mode with six AB nod cycles of 200s per nod, although
the target drifted out of the slit for the final two and theseaeave
discarded as a result. This gave a total on source time ofs160€
also observed the spectral standard HD199217 for use inviagio
telluric features from the target spectrum and flux calibratWe
combined and reduced the spectrum using the standard i@uuct
tool: SpeXTooI04).

We have classified UGPS J2048+5038 following the spectpaity
scheme laid out by Burgasser et al. (2006) for T dwarfs. luféig
[Id we show our SpeX YJHK spectrum of UGPS J2048+5038
compared to the T4 (2MASS J22541892+3123498) and
T5 (2MASS J15031961+2525196) spectral templates of

Burgasser et al.| (2006). The new source matches the T5 tem-

plate very closely in the/ and H band flux peaks, but shows
less flux in theY band peak, and enhanced flux in theband.
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Figure 10. Our Y J H K spectrum of UGPS J2048+5038 compared to the
T4 (2MASS J15031961+2525196 and T5 (2MASS J15031961+Z8)51

spectral templates definedmmzo%).

Table 4. The spectral flux ratios used for classifying UGPS J20488503

Index Ratio Value

Type

JLPP F0dA
Jize® F(N)dA
S FO0dA
Jize® F(N)dA
i F()dA
Jise F(A)dx
L v
Jise F(A)dx
2 ars )N
J308 F(X)dX

H>0O-J 0.26 +£0.01 T5

CHy-J 0.41+0.01 T5

H2O-H 0.38 £0.01 T4/5

CH4-H 0.42+0.01 T5

CH4-K 0.21+£0.01 T5

An approximate 3 IPHAS i band detection limit of this field

In Table[4 we give the spectral flux ratios used for index based is 20.5 magnitudes, suggesting the target is approximai@lgr

classification in the_Burgasser ef al. (2006) scheme. Thakey

further support the classification of UGPS J2048+5038 as,a T5
and we thus adopt this classification for this object£0%5). See
Table[® for a list of parameters. The Dupuy & ILlu (2012) spaictr
type to MKO J band absolute magnitude relation gives\an of
14.44 for an isolated T5 dwarf, which puts UGPS J2048+5038
(J=16.30) at a distance of approximately 24pc.

An initial IPHAS DR2 match to UGPS J03553200+4743588
(UGPS J0355+4743 hereafter= 46916 mas yr ') found the
closest match to have a separatioh” of the expected position of
the target at the IPHAS epoch. Subsequent visual inspecfitie
IPHAS i band image confirmed a mismatch or blend with a back-
ground source. We attempted a subtraction of the PSF of ttle ba
ground source using the standard IRAELSTAR program and
subsequent inspection of the residual image showed no mérgai
sign of either the background source or the target. Thisestgd
either the pair were so close they were completely unredolye
more likely given the expected1.1” (3.3 pixel) separation at the
IPHAS epoch, the target is simply too faint in the i band to be d
tected.

(© 0000 RAS, MNRASD00, 000—-000

later type. Given the blue nature of UGPS J0355+4743 in the ne
infrared, (J-H=-0.37 and H-K= 0.08), and H-W2 and W1-W2

of ~2.67 and~1.12 respectively we regard it as a bona fide T dwarf
and with an estimate type of T6 type dwarf.

ThelDupuy & Lili (201R) spectral type to MKO J band abso-
lute magnitude relation gives al; of 14.78 for an isolated T6
dwarf, which puts UGPS J0355+4743(J16.20) at a distance of
approximately 19pc. If the target is an unresolved binargystem
of higher order multiplicity then this distance is an undtiraate.

5.5 Other Objectsof Note

UGPS J04514383+454958Q (= 680+7 mas yr ') is a faint
companion to LHS 1708, a G1 type main sequence star, with-a sep
aration of 5.6” and a\ ; of 5.9 magnitudes. It was identified in our
search for new candidate UCD benchmark objects. Our proper m
tion differs by 2.1 from the Hipparcos proper motion of LHS 1708
and as a result the pair did not show in the2o candidate com-
panion list in Section5.3] 1. Given the K band brightnessg)1@he
uncertainty on our proper motion for UGPS J04514383+45@958
(£ 7 mas yr~ ) is likely underestimated by the pipeline and the
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Table 5. Parameters of the two previously unidentified T dwarfs whigh
describe in Section 5.4

UGPS J2048+5038 UGPS J0355+4743
Right Ascension  20:48:00.24 03:55:32.00
Declination +50:38:21.9 +47:43:58.8
Spectral Type T5 ~T6
J 16.30 16.20
Ktotal 267 mas yr— ! 469mas yr—1!
Distance ~24pc ~19pc
J-H -0.07 -0.37
H—K 0.05 0.08
W1-wW2 ~1.6 1.12
H—-W2 ~1.5 2.67

significance of the similarity in the proper motion of thisip&
therefore also underestimated. Based on its IPHAS optichGPS
infrared colours UGPS J04514383+4549580 is either a migigd t
main sequence star or a white dwarf. LHS 1708 does have an en-
try in the Washington Double star Catalogue (Wet al
@), although the stated separations (101.6” and 85@0the
1909 and 1989 epochs respectively) are higher than thetabgec
have identified. The position of the WDS secondary at the 1909
and 1989 epochs, which we calculated from the stated sep@sat
and position angles relative to the position of LHS 1708 at th
two epochs, is consistent with a bright source on the GPSémag
which shows no proper motion. We conclude that the secondary
given in the WDS does not share a proper motion with LHS 1708
and is therefore not a genuine companion. However, our bhjec
UGPS J04514383+4549580, is a genuine common proper motion
companion to LHS 1708.

6 SUMMARY

We present the results of a search for high proper motiorctbje
the UKIDSS Galactic Plane Survey. We selected 5,655 highgsro
motion (u > 200mas yr ') candidates from 900 dégf sky at
I > 60° and K < 17 for visual verification and found 617 to be
genuine, 153 of which were previously unidentified. Among th
new high proper motion discoveries we identified two new mid T
dwarfs that are likely to be within 25 pc, a further thirteeswnlL
dwarf candidates and two ultracool dwarf binary candidates

The large 24” matching radius we adopted in an effort to de-
tect objects with very high proper motions at the expensearfge
number of mismatches gave an overall ratio of false to gencem-
didates of 9:1. At high galactic longitudes, where the seulensity
is much lower, we found this to be less of a problem; the ratio o
false to genuine candidateslat 180" is ~1:1. The accuracy of the
genuine high proper motions is good, the median uncertaimtye
proper motions of sources at K 16 is 6.6mas yr . Our proper
motions for sources in common with existing long epoch basel
optical catalogues are in good agreement within their dacgies.

Proper motions were calculated for 167 million sources in to
tal and we plan to extend our search to objects with lower btitm
significant motions. We also plan to extend the selectiosegrted
here to data taken after March 31st 2013, search for bridtiggr
proper motion objects &t< 60°, and search for high proper motion
objects at K> 17 with the aid of colour selections.
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Table Al. The high proper motion sources identified for the first timéhis publication. The coordinates given are at epoch 2000.0

@ § [ COS O s r i J H K
03:20:43.87  +59:18:23.2 14&/ -13H9 19.64+-0.14 16.26:0.02 15.660.02 15.110.02
03:28:47.25 +59:10:56.0 1% -102£7 18.64+0.03 16.89-0.02 15.080.02 14.63-0.02 14.3%0.02
03:39:05.89  +59:35:42.0 3% -2944-6 19.26+0.11 15.34:0.02 14.720.02 14.230.02
03:46:24.92  +54:36:26.5 1286 -162+7 18.78t0.02 17.52-0.02 15.8%0.02 15.270.02 15.0%0.02
03:46:57.15 +56:40:33.5 #H -225+5 17.9H-0.05 15.04:0.02 14.63-0.02 14.23-0.02
03:49:02.69 +55:34:19.8 1867 -235t8 19.49+0.03 17.98-0.02 16.250.02 15.73#0.02 15.430.02
03:53:04.59 +47:55:45.6 -816 -23H5 19.54+-0.18 15.780.02 15.1A40.02 14.59-0.02
03:55:31.53  +47:44:00.6 4382 -168t11 16.26£0.02  16.58-0.02  16.56:0.04

04:02:29.42  +48:12:56.6 12710  -224+10 18.0@£0.02 17.46:0.02 16.82:0.02 16.540.02 16.54:0.04
04:06:21.18  +47:47:57.1 1#B -199+8 19.12£0.02 17.94:0.03 16.38:0.02  15.720.02  15.53%0.02

04:06:33.73  +47:15:16.7 &7 -220+7 21.09t0.14 17.94:0.03 13.8@0.02
04:07:29.52  +58:38:55.9 &17 -318+7 19.61£0.03 16.52:0.02 13.02£0.02
04:08:23.65 +47:05:03.0 &8 -3376 21.300.14 18.12:0.03 14.680.02 14.2A40.02 13.7%0.02
04:13:22.06  +44:44:36.6 16Z -183+4 20.75£0.27 17.66:0.03 14.690.02 14.150.02 13.6740.02
04:22:28.37  +45:17:39.8 2%¥ -13+6 17.80G£0.03 15.53-0.02 15.140.02 14.780.02

04:30:46.79  +49:55:49.7 158 -170+9 19.92£0.04 17.420.02 15.3#40.02 14.95%0.02 14.62£0.02
04:31:21.84 +47:07:38.3  48% -1214+9 19.06£0.04 17.4%0.03 15.720.02  15.16:0.02 14.89-0.02

04:34:03.07  +49:53:40.0 918 -183+8 19.1G£0.03 16.610.02 13.5@:0.02
04:35:19.94  +43:06:09.4 148! -168+5 15.86£0.02 13.92:0.02 11.980.02 11.440.02 11.130.02
04:43:30.77 +46:45:34.4 236 -105+5 18.740.1%¢ 15.85+0.02  15.44:0.02  15.06:0.02
04:44:21.20 +42:02:36.2 13A -170+4 18.92+0.04 16.76:0.02 13.93%0.02
04:46:39.22  +40:54:52.9 194 -162+5 20.9+:0.5* 16.84+0.02 16.21#0.02  15.66:0.02
04:51:43.83  +45:49:58.0 365 -574+5 13.22£0.02 11.70.2 11.4+0.2 10.740.2

04:54:09.74  +46:16:09.4 19513  -133t13 19.48:0.11 17.380.02 16.94:0.02 16.5%0.04
05:07:19.98 +34:58:52.6 &8 -27H4 19.45£0.03 16.99:0.02 14.680.02 14.230.02 13.830.02
05:15:37.00 +44:48:20.1 58 -280+5 16.93t0.02 15.830.02 14.66:0.02 14.130.02 13.9&:0.02
05:18:17.90 +42:11:31.9 -#bH -238+3 14.89£0.02 14.3%0.02 13.8&0.02

05:21:24.85 +39:08:14.1 1zZ4 -23H4 18.5Q£0.02 17.6&:0.03 16.930.02 16.45%0.02 16.26:0.03
05:22:49.68  +43:51:57.7 163 -208+5 16.58t0.02 15.09:0.02 13.53:0.02  13.0%0.02 12.7#0.02
05:22:50.00 +39:41:28.6 263 -119+3 14.54£0.02 13.310.02 11.940.02 11.440.02 11.23%#0.02

05:25:55.61 +37:22:11.9 129 -175+7 19.48t0.10 17.430.03 17.030.04 16.66-0.05
05:25:59.58  +33:06:06.3 8% -193+7 20.1A#0.08 17.52:0.02 15.19-0.02 14.740.02 14.3%0.02
05:27:21.68 +42:58:36.5 155 -304£5 16.59£0.02 14.94:0.02 13.34-0.02 12.8%0.02 12.610.02
05:33:01.65 +37:38:20.0 44 -245+4 >20.5 16.79:0.02  15.94:0.02  15.16-0.02
05:34:49.33  +40:37:01.4 -404 274 20.84+0.08 18.28:0.04 16.05:0.02  15.630.02  15.32£0.02
05:35:42.81 +26:49:20.4 1%¥ -364+8 18.49t0.05 15.7240.02 15.3%0.02 14.96-0.02

05:40:41.35 +34:00:24.1 14% -172+6 16.070.02 15.09:0.02 13.85:0.02  13.280.02 13.0%0.02
05:41:47.12  +30:20:16.2 176 -97+6 17.42£0.02 16.09:0.02 14.630.02 14.040.02 13.8&0.02

05:44:14.33  +34:55:429 a4 -205+4 21.310.13 18.56:0.04 14.76:0.02
05:44:57.43  +37:05:04.1 -#B -228+4 21.690.41 18.010.04 13.96:0.02  13.1&0.02 12.36:0.02
05:45:02.32  +33:58:31.6 666 -206+6 20.62+0.09 17.56:0.02 15.11#0.02  14.680.02 14.2%0.02

05:47:25.11  +35:42:43.0 134 -190+3 19.05£0.03 17.72:0.03 16.3@0.02  15.83%0.02 15.56-0.02
05:47:33.08 +38:03:05.5 1956 -181+4 17.72£0.02 16.790.02 15.730.02  15.2&:0.02  15.02£0.02
05:49:02.26  +22:23:30.5 #P -249+9 19.510.03 16.54:0.02 13.430.02 12.83%#0.02 12.34-0.02
05:54:03.58 +20:28:36.8 28% -221+7 20.1A40.20°  18.23:0.20°  15.85-0.02  15.44-0.02  15.15-0.02
05:54:07.07 +21:18:20.0 12611  -189t11 20.210.06 18.8@:0.06 17.250.02 16.83%#0.03 16.56-0.04
05:54:46.14  +19:31:13.6 1#8 -168+8 19.39£0.04 17.68:0.02 16.11#0.02  15.6%0.02  15.3%0.02
05:55:39.76  +22:52:55.3 1810 -243t9 20.42+0.07 18.64:0.06 16.8@0.02  16.31%#0.02 16.010.02

05:57:17.90 +34:37:14.1 -G8 -1973 19.34£0.09 16.09-0.02  15.66:0.02  15.26:0.02
06:02:31.77  +22:15:53.3 1913 -280t13 >20.6 17.82+0.03  17.2%0.04 16.6A0.05
06:03:45.45  +20:16:44.8 3910 -200+10 19.9+0.3* 17.29+0.02 16.82:0.02 16.470.04
06:05:18.50 +19:48:49.9 &b -216+6 18.46£0.02 16.02:0.02 13.8@:0.02  13.3A0.02 13.0%0.02
06:10:37.22  +12:58:48.6 10 -228+6 20.82+0.15 17.620.03 14.88:0.02 14.380.02 13.940.02
06:21:09.24  +08:23:15.6 1647 -115+8 19.19£0.02 17.29%0.02 15.420.02 14.990.02 14.730.02
06:24:40.48 +06:48:22.3 9% -1975 19.48t0.03 18.26:0.04 16.78:0.02 16.34:0.02 16.04:0.03
06:27:27.79  +05:15:37.5 13% -319+6 20.75£0.32 18.16:0.04 16.220.02  15.8%#0.02 15.53%0.02
06:27:50.06  +01:43:29.6  2#34 -154+5 >20.4 16.89+0.02  16.3@0.02  15.66:0.02
06:30:50.26  -00:10:49.7  -43 -291+-4 18.48+0.04 16.56:0.02 14.71#0.02 14.25%0.02 13.9&0.02
06:32:32.21  +01:53:49.8 5% -216+4 18.85£0.05 17.52:0.03 16.13:0.02  15.69%0.02  15.4%0.02
06:32:35.71  +03:14:03.7 -16H5 166+6 17.93t0.03 14.610.02 14.06:0.02  13.580.02

@ Based on our own aperture photometry due to the source being-detection in IPHAS i band catalogue but visible in image
b Based on our own aperture photometry, survey photometrydeemed unreliable due to nearby bright companion.

¢ Undetected in IPHAS source identification. Profile fit phoédry performed to measure this magnitude.

4 Undetected in IPHAS i band s3limit of field given.

¢ Based on IPHAS observations in poor weather, this photgnietinreliable.
(© 0000 RAS, MNRASD00, 000—000



UGPS High PM Sources 15

Table A1 — continued

@ é Lo COS O s r i J H K
06:33:33.37  +10:01:27.4 18415 -214+12 19.28£0.20°  19.214+-0.20°  15.15+0.02 14.72-0.02 14.23%0.02
06:43:16.71  -06:10:10.3 239 -109+4 14.96t0.02 14.5200.02 14.23-0.02
06:44:16.75 +03:16:17.9 1843 -280+3 17.3t£0.2%¢ 14.06£0.02 13.4A0.02 12.99-0.02
06:45:04.23  -02:52:49.3  14% -231t4 18.55+0.02 17.3%-0.03 16.08-0.02  15.5@-0.02 15.22-0.02
06:45:33.53  -05:30:47.2 S84 -218+3 14.28+0.02 13.72-0.02 13.3#0.02
06:45:49.25 -05:22:19.9 2974 -6145 16.44+0.02 15.96:0.02 15.76:0.02
06:47:12.29  +08:24:40.0 156 -195+6 20.2:0.2¢ 16.39£0.02 15.76:0.02 15.12A0.02
06:47:24.04  -03:38:38.7 (S=7) -203+4 15.85+0.02 15.41#0.02 15.16:0.02
06:50:05.51 -03:03:32.8 33 -270+3 17.49+0.20°  15.45+0.20¢  13.10£0.02 12.52-0.02 12.24-0.02

06:52:10.42  -01:20:35.5 1946 -233+9 18.49£0.02 17.5%0.02 16.140.02 15.64:0.02  15.380.02
06:53:27.95 +02:39:43.8 -i3 210t4 16.91£0.02 16.58:0.02 16.24:0.02  16.06£0.02  15.94:0.02

06:54:12.55 -06:27:31.0 2664 -271+3 14.99+0.02
06:55:37.37  -06:38:04.2 663 -281+4 14.01£0.02  13.480.02 13.11#0.02
06:56:17.02  +04:21:05.7 3~ -228+4 19.35£0.02 17.630.02 15.940.02 15.5%0.02 15.22£0.02
06:58:45.22  -01:15:52.6 271 -293+8 17.72£0.02 17.150.02 16.540.02 16.32£0.02 16.410.06
07:01:52.79  -13:02:31.2 3IH -230+4 19.470.04 18.240.02 16.680.02  16.23%#0.02  15.980.03
07:05:18.20 +01:29:10.4 168 -268+3 17.85£0.02 14.990.02 14.480.02 14.0&0.02
07:06:52.01 -17:05:19.1  -334 -71+4 12.75£0.02 12.3#0.02 12.06:0.02
07:07:29.26  -02:49:48.6 &3 194+4 12.06£0.02 11.52£0.02 11.29%0.02
07:09:35.53  -15:08:08.1  -1#34 -294+4 13.38£0.02 12.9%0.02 12.640.02
07:09:39.72  -12:38:46.4  -476 -267+£5 16.6Q£0.02 15.12£0.02 13.530.02 13.080.02 12.820.02
07:12:18.30 -07:59:33.7 &3 -213+3 13.35£0.02 12.7%0.02 12.64:0.02
07:12:44.28 -12:58:02.4 1515 -309£5 19.48t0.03 17.72£0.02 15.64:0.02  15.1%0.02 14.84:0.02
07:17:12.18 -14:55:13.8  -H66 -244+8 13.48£0.02 13.02£0.02 12.74:0.02
07:17:28.15 -15:05:17.6 &4 -223t5 13.40£0.02 12.8%0.02 11.930.02 11.3%0.02 11.3%0.02

07:22:22.47  -14:51:22.4  -34%6 133t4 15.95+0.02 13.92£0.02 11.7#40.02 11.7%0.02 11.0€:0.02
07:24:15.02  -12:47:31.2 1#6 -228+5 19.16£0.02 17.96:0.02 16.3A40.02 15.9€0.02  15.680.02

07:28:53.82  -14:01:10.2  -274 -67+3 13.95£0.02 13.53%0.02 13.1%0.02
07:29:45.63 -07:33:49.1 268t -114+4 14.5A40.02 14.210.02
07:40:28.99  -13:00:44.1 34 22145 11.7#0.02 10.74:0.02 11.0%0.02
19:55:30.48 +26:13:13.1 -18310 -96+10 >20.7 18.48+0.05 17.66:0.04 16.99-0.07
19:59:24.81  +39:31:56.1 -89 3217 13.74£0.02 12.7%0.02 11.02£0.02  10.1A40.02 11.3#A0.02
20:04:09.96  +24:26:35.3 -18% -168+5 20.04+0.22 16.96:0.02  16.480.02 16.0%0.03
20:05:30.35  +36:35:50.7 -126 -184+6 17.470.02 16.63%0.02 16.030.04
20:05:35.97  +30:09:24.8 963 -216£3 19.45£0.04 16.56:0.02 13.92£0.02  13.530.02 13.1%0.02
20:06:11.93  +24:07:53.3 2263 226+3 16.98t0.02 13.96:0.02  13.42£0.02  13.0€:0.02

20:08:37.94  +39:20:56.1  -4511 -199+12  19.85:0.06 17.3%0.02 15.140.02 14.6%0.02 14.34:0.02
20:09:12.58  +37:12:12.5 -134 -199+5 24.63t3.30 19.5&:0.11 15.730.02 15.1#0.02 14.580.02
20:14:39.96  +38:50:23.4 -2 -249+6 16.09£0.02 14.16:0.02 12.230.02 11.73%#0.02 11.54:0.02
20:16:08.23  +42:00:32.8 2376 152+-6 18.640.02 16.56:0.02 14.46£0.02  14.1#0.02 13.7%0.02
20:16:44.23  +41:40:435 -2 -211E7 16.21£0.02 15.3%0.02 14.2#40.02 13.76:0.02 13.5%0.02
20:17:31.27  +33:53:59.5 -244 24+4 >20.4 17.35:0.02 16.61+0.03  16.010.03
20:19:02.41  +44:53:16.3 -1%3 -140£5 17.21£0.02 15.3%0.02 13.53%#0.02 13.06:0.02 12.8&0.02
20:21:12.34  +37:25:05.9 -1#83 -234£3 19.69£0.05 16.64:0.02 13.980.02 13.46:0.02 13.1&0.02
20:25:28.30  +40:13:19.7 18&6 106+7 16.74£0.02 15.040.02 13.42£0.02 12.9%0.02 12.680.02

20:28:02.85 +42:05:51.6 -1623 -18%+20 16.44-0.06
20:28:10.47  +41:01:19.0 174 123+4 18.9G£0.02 16.370.02 14.060.02  13.53%#0.02 13.130.02
20:31:32.54  +43:03:19.4 25% 3267 20.29t0.17 15.8%0.02 15.02£0.02  14.220.02
20:32:53.25 +36:38:17.0 287 2007 19.32£0.12 17.0%0.02 16.640.02 16.3A0.04
20:33:46.52 +37:50:58.3 194 49+5 18.35£0.02 16.230.02 14.1#0.02 13.5%0.02 13.26:0.02
20:43:14.92  +50:46:22.5 1#¥ 1994+7 15.12£0.02 14.65%0.02 14.24:0.02
20:48:00.13  +50:38:19.3 9B 248+8 16.30£0.02 16.3A0.02 16.32£0.03
20:53:10.56  +36:27:37.6 A 2194 12.29£0.02 11.33%0.02 11.46:0.02
20:55:07.49 +38:46:44.4 13% 1555 19.810.07 17.830.02 16.02£0.02  15.56:0.02  15.280.02
20:55:25.17  +45:06:10.4 468 -236+3 18.16£0.02 15.920.02 13.830.02 13.3A40.02 13.02£0.02
20:55:27.42 +38:12:17.1 1764 193+5 18.53t0.04 16.76:0.02 15.0£0.02  14.5%0.02 14.220.02
20:59:58.64  +41:25:13.7 -A87 193+6 >20.5¢ 16.9140.02 16.38:0.02  15.7%0.02

21:04:53.81 +41:46:28.3 154 14144 17.5Q£0.02 15.46:0.02 13.430.02 12.980.02 12.650.02

(© 0000 RAS, MNRASD00, 000—-000
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Table A1 — continued

@ é fho COS O s r i J H K

21:05:57.74  +47:01:445 1z61 174+3 14.82£0.02 13.3A#0.02 11.84:0.02 11.26:0.02 11.0&0.02
21:06:04.96  +50:19:54.9 -147 -174E7 19.69t0.12  15.9%0.02 15.52£0.02  15.06:0.02
21:07:35.11  +48:13:43.6 1#b 18147 19.76£0.12  16.8&0.02 14.12£0.02 13.62£0.02  13.22£0.02
21:09:29.87  +50:24:345 135 -158+6  19.8G:0.07  18.29%-0.05 16.83:0.02 16.410.02 16.210.03

21:11:04.39  +48:00:21.9 193 12743 14.60£0.02  12.72:0.02 12.2#0.02 11.8720.02
21:11:54.34  +43:17:54.1 143 1403 19.85:0.07 17.530.02 15.26:0.02 14.720.02 14.450.02
21:14:25.17 +50:10:15.9 296 3044 20.00:0.19 16.08:0.02 15.38-0.02 14.510.02
21:18:59.25  +43:38:01.3 169 13443 17.8£0.2¢ 14.740.2 14.1£0.2 13.8+0.2

21:19:52.83  +48:26:12.0 154 216+3 20.37:0.26  15.98-0.02 15.32-0.02 14.74-0.02

21:20:11.58 +51:14:15.9 44 220t4 18.10t0.02  16.46:0.02 14.8%0.02 14.42£0.02 14.12£0.02
21:28:05.25 +56:34:16.6 158 135+8 18.950.02 17.6%#0.02 16.16:0.02 15.6%0.02 15.410.02
21:29:19.99  +51:46:42.4 -9 214+4 21.59£0.17 18.3%0.04 17.470.02 17.2740.04 14.880.02
21:30:48.11  +57:12:36.8 2981 91+6 21.51H0.21 17.930.03 14.9&0.02 14.420.02 13.98:0.02
21:32:12.97  +44:52:29.3 1#b 145+7 19.61+0.06 17.9&0.03 16.3%0.02 15.92£0.02 15.670.02
21:41:15.07 +56:40:12.9 238 246+9 21.28:0.15 18.040.03 15.05:0.02 14.48-0.02 14.0%0.02
21:44:46.49  +50:52:26.6 -9% -203+4 18.62£0.05 15.62£0.02 15.12£0.02 14.730.02
21:52:50.45 +55:12:52.9 2281 28t+4 17.570.02 15.6&0.02 13.6%0.02 13.25%0.02 12.930.02
21:53:12.31  +53:51:49.6 2431 30+4 19.640.07 17.3%0.02 15.1%0.02 14.76:0.02 14.44:0.02

22:00:15.74  +51:09:45.5 12313 182£13 17.78:0.03 17.380.04 17.1&0.07
22:00:44.34  +54:21:55.6 2181 126+4 20.0A40.24 16.320.02 15.7#0.02 15.26:0.02
22:01:56.74  +51:08:19.7 266 74+6 17.30£0.02  14.8&0.02 12.35%0.02 11.96:0.02 11.4#0.02
22:07:06.47  +53:52:53.3 154 215+3 20.310.22 16.220.02 15.5%0.02 15.0€:0.02

22:07:15.68  +52:14:05.1 183 225t+4 18.19t0.02 17.0%0.02 15.54:0.02 15.1&0.02 14.880.02
22:10:32.97  +52:55:51.2 266 112+7 13.69£0.02 11.820.02 11.8%0.02 11.280.02 11.06:0.02
22:11:49.28  +55:02:06.2 -1z13 -237+3  17.36:0.02  15.35-0.02  13.35:0.02 12.93-0.02 12.63-0.02
22:13:07.90 +52:55:08.7 -28% -38+6 18.65£0.02 16.2A40.02 14.02£0.02 13.4%0.02 13.16:0.02
22:17:30.73  +51:39:32.5 2%H 32t4 21.36£0.16  18.06:0.03  15.1%#0.02 14.56:0.02 14.12:0.02
22:18:00.59  +56:02:15.1 1a8t 227+t4 17.88£0.02 17.23%0.02 16.580.02 16.460.02 16.42£0.04
22:18:17.08  +56:12:28.9 2363 21+3 19.84£0.04 17.2%0.02 15.12£0.02 14.7%#0.02 14.3#0.02
22:21:29.14  +55:56:00.1 166 176+4 18.470.02 16.680.02 14.9%0.02 14.480.02 14.26:0.02
22:21:35.00 +54:09:52.5 2%3 176+4 17.45£0.02 15.6A40.02 13.8%#0.02 13.4&0.02 13.120.02
22:23:04.16  +54:28:00.8 166 124+6 20.13t0.12 18.780.10 17.36:0.02 16.920.03 16.66:-0.05
22:32:30.30  +55:15:24.3 285 69+6 18.73t0.03  17.7&0.03 16.3%0.02 15.780.02 15.54:0.02
22:32:33.83  +52:35:22.5 22% 38+5 16.34£0.02  14.4%0.02 12.7#40.02 12.34:0.02 12.0%0.02
22:33:16.60  +52:27:22.3 235 8+6 16.58£0.02 14.26:0.02 12.06:0.02 11.5%0.02 11.180.02
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Table A2. UKIDSS GPS proper motions and epoch 2000.0 coordinates/@vée recent WISE discoveries.

@ 1) fhoy COS O s K Discoverer
03:23:01.53 +56:26:00.8 28% -279£6  13.65t0.02 Luhman (2014)
04:54:25.04  +40:04:10.4 3881 -177H4  14.44£0.02 Luhman & Sheppard (2014)
05:32:52.18 +41:43:39.6 2264 -274£4  11.66£0.02  Kirkpatrick et al. (2014)
06:48:37.95 +07:37:02.1 -546 -378+7  11.55t0.02 _Luhman (2014)
07:01:24.23  -13:34:13.8 213 166+3 11.14£0.02 Luhman (2014)
20:06:17.71  +38:11:48.9 16856 -309:6  11.98t0.02  Kirkpatrick et al. (2014)
20:28:59.19  +45:09:51.9 185 360t7 11.66t0.02 Luhman (2014)
20:45:44.35 +50:53:48.1 256 286t5 11.65£0.02 _Luhman (2014)
21:10:06.33  +46:15:36.4 -193B -370£3  11.86t0.02  Luhman (2014)
21:44:42.19 +47:44:05.5 -2683 -2314+3  13.43t0.02  Luhman (2014)
22:22:33.43  +58:57:09.0 396 755 12.810.02 Luhman (2014)
22:42:00.46  +58:16:40.3 1B -3114+3  11.2H0.02  Kirkpatrick et al. (2014)

(© 0000 RAS, MNRASD00, 000—-000
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