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Aim of the study

The studies of the nearby stars are paramount for addressing a wide range of

astrophysical problems:

« star formation, evolution, the stellar luminosity & mass functions, etc.;

« provide much of our understanding of their nature;

« acomplete census of the solar neighbourhood (including spectral classification and
magnetic activity indicators) 1s highly desirable for both earth and space-based

planetary searches and exoplanet habitability.

Here we present the results from low-resolution GTC/OSIRIS observations of 45
poorly studied high proper motion candidates for ultracool dwarfs with the aim of both
obtaining optical spectral classification and determining the levels of their Ha activity
for the first time. In addition, using the GAIA DR2 and DR3 archival data, we
determine basic parameters of the sample such as distances and absolute magnitudes.
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The sample selection

S5pT J-H H-K J-K

M65 0625 0378 1.003
M7.0 0649 0399 1.048

* colour selection criteria - as e R e e

described in Metodieva et al. MB.0 0676 0440 1.116
ME. 3 . :

(2015, MNRAS, 446,3878), Mr oln e il

based on 2MASS colour indices M9.5 0742 0493  1.235
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 to distinguish neighbouring from more distant dwarfs or
giants - only objects with proper motions > 0.30 "/year. PMs
determined using at least two epoch of observations — first
position from the 2MASS catalogue, second from WISE
and in some cases there were third epochs from SDSS. The
base of the observations varies between 9 and 13 years.

* bright enough to satisfy the observation programme
requirements. We’'ve constrained J magnitudes to the range
10 < J < 16.
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Figure 1. Colour—colour diagram for the late-M dwarf candidates. The thick
black line is the polynomial fit to the data for known dwarfs; red curves
denote the 3o deviations from the fit; the straight red lines represent the
requirements (H = K) = 03, and (J = K) = 1.0. The dashed black lines
show the resultant spectral classes as listed in Table 1. The candidates are:
1 — 2MASS J1746429, 2 — 2MASS J1746+45, 3 — 2MASS J1857450. 4
— 2MASS J2001+64. 5 — ZMASS J2151+35, 6 — 2ZMAS!

Metodieva, Y.etal., 2015, MNRAS, 446, 3878
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Observations & reduction

 Low-resolution spectroscopy with the Optical System for Imaging and Low Resolution
Integrated Spectroscopy (OSIRIS) at the 10.4m Gran Telescopio Canarias (GTC), using
R1000B (blue) and R1000R (red) grisms.

e Performed 1n service mode within the GTC "filler'" programme on different nights in two
observational seasons - 2016B (dM candidates) and 2017B (dC candidates).

 Data reduction with the software package IDL and its astronomical libraries (Landsman 19935,
ASPC, 77, 437).

* The code 1s written by us and follows standard procedures, e.g. bias, flat-fielding, cosmic ray

cleaning, wavelength calibration and flux calibration using standard stars.

2MASS J13262496+0547032: flux—calibrated spectrum, GTC OSIRIS R1000B+R1000R

2MASS 105331650+3740280: flux—calibrated spectrum, GTC OSIRIS R1000R

00000
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Results 1 - spectral clasiffication

2MASS J11332017+1039295: Ha 6562.80 A (air)
R RAREREERE RERREEEES prrrTrerT REREEEERL EEEEEEERE ]

. Spectral classification using PyHammer (Kesseli et al., 2017,
AAS, 229, 240.35) and Hammer (Covey, K. R. et al., 2007, AlJ,
134, 2398) 3

1.0%107"

- Ho fluxes measured (Table 1).

5.0x107"?

Template: M9
Spectrum: 05_hammer

Normalized Flux
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Results 2 - distances

- Distances (in Tablel) are calcultaed based
on averaged values from the GAIA DR2
and DR3 (Bailer-Jones et al., 2018, Bailer-
Jones et al., 2021).

- Extinction 1s not included in further
analyses due to either close proximity or

location in a low-extinction area on the sky.

- Most of the objects have no stellar
parameters listed in GAIA DR3 database
(37 stars).
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Position of the studied stars on the map of the Galaxy (t
op) and on the map of the galactic extincion (bottom). D
ata for the galactic maps is from GAIA DR3.
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Results 3 - absolute magnitudes

Table 1. Derived parameters of the observed sources, Columns are: 2MASS designation: Spectral types (this work : distances {calculuted averaging the values
from GALA DRE2 and DR ) absolute magnitudes (GALA using our calculated distances); Hor fluxes and metalicity,

IMASS Sp.typ d GGAlA) Mg  FiHacio™? [Fe/H] Motes
s wrk e 33 ergic m- 5 A
I0ONS0 8440217120 WM& IR04+ 017 17836+ 0003 14 88+0.01 L0+ (.78 ]
T2 THR0- 181 3047 ME 082+ 007 1757120003 14.57+0.01 544 + (.86 ]
T34 340336216 METS B7.60+ 24 19482+ 0,005  14.772006 560+ 0.25 +0.5 var?
BA96 + 022
TOTLA597 3 14081 74 MG 15484016 18703+ 0.004 1600001 1040 + 24 il var?
I 280-021 12494 ME MOTE008 17300+ 0003 15224001 11207 £ 0.55 +0.5
TN2133713-1 43228 WM& W4+ 03 19016 0004 16132002 2300+ .39 +1.5
J031 10aS04+041 7 360 MG 425403 IRS5SE£ 0004 15424002 13,300+ 0,26 il
IN31E42 1440828002 ME 409402 18030+ 0004 495+001 43922067 4054019 comp. o NLTT 1053
TN321 129440829305 M4 4224002 15109+ 0003 15444001 18,80 + (.47 |
041 M 57443709087 LI 1926005 18620+ 0003 17. 20001 432+ 0139 0
042047964 5624 202 ME 12434007 16980+ 0003 14 43001 18.24 + 1.46 +0.5
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THO3GSOT 145932068 ME 519402 17850£ 0003 14271001 167 £ 139 ]
: f 11 b d TEIAR200 74 1039295 MY 550403 176630003 491001 15302 + L&D +0.5
magnltUdeS OI’ d O SCI'VG THI553 77540022227 ME 480403 176480003 13954001 17.51 + 103 +0.5
. TES495 29340151 167 ME 372402 184892 0003 1508001 1745 + (.42 +0.5
Stars llsted below JI737385544 705511 M4 SLA4+03 19237+ 0004 1638001 563 +0.25 il
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Results 4 - GAIA and 2MASS CMDs
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*  Basic trend 1s maintained in the optical and IR CMD.
Exception are several sources in the optical and the reason is not clear yet, but could be, e.g.:

lower metallicity object
subdwarfs




Results 5 - LSR J2105+2514 - a dC star

....... FMASS TE10DT0DG RaLEne = OB ARl O e I R s Flux Date of observation
- Ha @ =l
-1 2 p- 10/10/2016 06/12/2016
12l o @ N N cal CON_| R G
o I R PN T MR '
< B \ Y
£ w ! “‘l
~ 1.0— a =1
S+ c, | Y Ha [107¢] 3.096*+0.163 3.676*0.109
; - Ball o1 E HB [107] 1.698+0.107
B os —
TE B c 1
E B Srl ﬂz 7 ZMASS J21051653+2514486: Ha 6562.80 A (qir) IMASS J21051653+2514486: HE 4861.363 A (cir)
~— _ 7 '\"“"“‘““““‘““‘““\“““"‘\""""‘I: —“"“““‘\“""“'\""“""\““““‘l‘:
T | e ‘_ -
T :
". B 2 ’ r B
E 0.4 __ MM —_ 3x1077 |-
e L | o
= L
= | M ] T 207
02— _ o
i (!M . 5
: : i-" 11077 =
00— - ¢
=l L 1 LLLLLLLLL 1 LLLLLLLLL 1 LLLLLLLLL l JJJJJJJJJ 1 LLLLLLLLL I =
4000 5000 6000 7000 8000 9000 oF
Wavelength, A
object spectra (OBO040 red, QBO048 black, OB0048a blue) ] P 1
—1x1077 { F
The combined spectrum of LSR J2105+2514 with indicated
. . . . BS540 GEA0 Bwﬁaﬂvil‘eng“’\ i57G B580 B530 wavelength, A
absorptlon and emission lines and bands. ebirodied carfiman G-t Hbeiiesiast extracted canfinuum (raw and fitted) In black

Balmer lines in the spectra of LSR J2105+2514 and their fluxes.

First classified as dwarf carbon star dC by Lowrance et al., 2003, ApJ, 584, L.95.
dC spectra dominated by absorption bands of C,, CH, or CN due to mass transfer in a close binary

system.

First detection of Balmer line emission. Can be due to: (a) intrinsic activity; (b) activity due to
interaction with the companion; or (c) heating from the WD companion. No signs of a WD in GALEX.
Harris et al., 2018, AJ, 155, 252 confirm that it belongs to the halo population.
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To summarise

- 45 objects classified (36 are late-M dwarfs, 5 are early- to mid-M dwarfs, one 1s F7, one 1s
K7 and one 1s dC);

- distances to all determined with high accuracy;
- absolute magnitudes (Mg Mgp, M) determined for all stars;

- Almost all of the dM sample have detected Ha emission, including the dC star.

- While GAIA data provides acurate distances, the photometric system does not have the
required colour baseline to achieve as reliable diagnostic fot the spectral sub-classes of late-
type stars compared to e.g. 2MASS.

Next:
- determine how long-lived 1s the chromospheric activity for the dMe stars

- what is the source of the Balmer line emission from LSR J2105+2514.
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