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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;

• a complete census of the solar neighbourhood (including spectral classification and 

magnetic activity indicators) is 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 Hα 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

• colour selection criteria -  as 
described in Metodieva et al. 
(2015, MNRAS, 446,3878), 
based on 2MASS colour indices

• 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.

Metodieva, Y. et al., 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.

• Performed in 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 1995, 

ASPC, 77, 437). 

• The code is written by us and follows standard procedures, e.g. bias, flat-fielding, cosmic ray 

cleaning, wavelength calibration and flux calibration using standard stars.

XVIII годишна конференция на Съюза на астрономите в България, 15 - 16 май 2025 г., Белоградчик

M8 F7



Results 1 - spectral clasiffication

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

• Hα fluxes measured (Table 1).
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Results 2 - distances

• Distances (in Table1) are calcultaed based 
on averaged values from the GAIA DR2 
and DR3 (Bailer-Jones et al., 2018, Bailer-
Jones et al., 2021). 

• Extinction is 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).

XVIII годишна конференция на Съюза на астрономите в България, 15 - 16 май 2025 г., Белоградчик

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.



Results 3 - absolute magnitudes

• Based on the calculated 
distances and GAIA eDR3 
G magnitudes, we have 
calculated the absolute 
magnitudes for all observed 
stars, listed below.
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- the dC candidates;      - our dM stars;       - dM stars from 
2MASS with d<100 pc 

Results 4 - GAIA and 2MASS CMDs

LSR J2105+2514

2MASS colour-magnitude diagram of the 
studied stars. 

• Basic trend is 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
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Results 5 - LSR J2105+2514 - a dC star

• First classified as dwarf carbon star dC by Lowrance et al., 2003, ApJ, 584, L95.
• dC spectra dominated by absorption bands of C

2
, 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.

The combined spectrum of LSR J2105+2514 with indicated 
absorption and emission lines and bands. 

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



To summarise
• 45 objects classified (36 are late-M dwarfs, 5 are early- to mid-M dwarfs, one is F7, one is 

K7 and one is dC);

• distances to all determined with high accuracy;

• absolute magnitudes (MG, MBP, MRB) determined for all stars;

• Almost all of the dM sample have detected Hα 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 is the chromospheric activity for the dMe stars

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