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We discuss here the results obtained in the determination of e�ective temperatures and metallicities of late-type
stars. We provide the abundances of MgH, Ti i and Ti ii, with a list of selected lines, for the red giant of Arcturus
and the metal-poor K subdwarf G 224-58A. The Sun was used as a template star. After computing synthetic
spectra for model atmospheres with di�erent Teff and log g values, we used minimization procedures to determine
the best �ts to the observed features. The determination of Ti abundances was carried out in the framework of
a self-consistent approach developed by Pavlenko et al. (2012). In the case of MgH we used similar minimization
procedure. We present here the combination of two di�erent approaches based on the �ts performed to Ti and MgH,
respectively. The resulting e�ective temperatures are Teff = 4300K for Arcturus and Teff = 4600K for G224-58A,
where both solutions are degenerated with log g.
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introduction

Any analysis of spectra of late-type stars begins
with the determination of their main physical param-
eters, i. e. e�ective temperature (Teff) and gravity
(log g).

In most of the cases it can be done using �ts to
Fe, Ti and molecular MgH lines in observed spectra.
From ionization balance (log[XI/H] ≃ log[XII/H])
we obtain a group of solutions for Teff and log g. In
the case of late-type stars, appropriate lines of Fe i

and Ti, Fe ii and Ti ii ions are available. Balmer lines
show rather marginal sensitivity on log g, therefore
we use other line analysis to determine log g.

Gravities have been measured based on Fe lines
for a sample of late-type stars in [6, 17]. But Ti i
and Ti ii line analysis is preferable at lower Teff due
to lower ionization potential of Ti χ = 6.8281 eV vs.
χ = 7.9024 eV for Fe i [5]. MgH molecular lines were
also used to obtain log g in [7]. In our paper [4] MgH
line and an updated value of its dissociation poten-
tial were used to obtain log g and Teff for Arcturus.

G 224-58AB is a wide binary (93 arcsec in sep-
aration) of spectral type esdK5+esdM5.5. It was
identi�ed by motion, colour and spectroscopy in [18].
G 224-58B is an M extreme metal de�cient subdwarf.

These M subdwarfs are the most numerous stars in
the Milky Way. They can be used to verify the-
ories on Galaxy evolution and exoplanet searches.
By modelling the spectra of the primary, the au-
thors of [12] determined chemical abundances, and
Teff log g/[Fe/H] = 4625/4.5/ − 2.0 for the G224-
58A.

In this paper we investigate the problem of de-
termination of log g and Teff for Arcturus and G224-
58A using the �ne and self-consistent analysis of Ti i,
Ti ii and MgH lines.

observations

arcturus and the sun

We usually take the Sun and Arcturus as tem-
plate stars. Their high-resolution spectra are well-
studied by many authors, such as [13] and references
therein. We took the observed spectrum of Arcturus
from [1] and solar spectrum from [3].

High-resolution spectrum of G224-58A was ob-
served on 2013 June 19th with FIES [16] at the
Nordic Optical Telescope. The signal-to-noise ratio
of the spectrum is ∼35 in Hα line. For more de-
tails on observations and reduction procedures please
see [12].
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Fig. 1: log g and Teff dependence of D-function values for Arcturus (left) and G224-58A (right).

the procedure

model atmospheres, synthetic spectra

We carried out our analysis in the framework of
classical approach: local thermal equilibrium (LTE),
1D model atmospheres, no sources or sinks. On
the �rst step of our work we used the plane-parallel
model atmosphere 5777/4.44/0.0 described in [10]
for the Sun, the PDK (Peterson-Dalle-Kurucz) [13]
model atmosphere with parameters 4300/1.5/ − 0.3
for Arcturus, and the 4625/4.5/ − 2.0 model atmo-
sphere from our recent paper [12] for G 224-58A.

Synthetic spectra were computed by WITA6

code [8]. We used atomic and MgH list from the
VALD3 database [15] and Kurucz database [2], re-
spectively. To determine abundances of Ti and Mg
we used the ABEL8code [9] (see more details in [11]).

We computed small grids of model atmospheres
by SAM12 code [10], with di�erent e�ective tempera-
tures and gravities for each of the problem stars. In
general, we computed 21 models for each star with
100K step in Teff and 0.5 step in log g. See Table 1
for more details in model atmosphere parameters.

microturbulent velocity

We adopted Vt = 0.75 km/s for the Sun based on
48 specially selected Fe i lines and Vt = 1 km/s for
Arcturus based on 44 Fe i lines, according to [12].
We adopted Vt = 0.5 km/s for the G224-58A atmo-
sphere (see [11, 12]).

ti i and ti ii lines

Selection of Ti line list is an important step in the
abundance determination procedure. We used the
full atomic VALD3 list [15] to compute the synthetic
spectra of the Sun in the optical range. Then we ex-
cluded Ti i and Ti ii lines from the input line list for
WITA6 code [8] and re-computed spectra. From the
comparison of these two theoretical spectra of the
Sun we obtained Ti i and Ti ii lines. Then every line
in the observed spectrum was identi�ed. We changed

abundance of Ti on±0.2dex and chose the most suit-
able lines. Lines a�ected by severe blending in the
observed spectrum were excluded. Abundances of
Ti were computed separately for the preselected Ti i
and Ti ii lines lists. For every model atmosphere we
computed ∆logN(x) = | log TiI − log TiII| ≃ 0 (see
Table 1).

mgh

The strength of MgH lines in the theoretical spec-
tra is sensitive to both log g and Teff . Thus, mod-
elling MgH lines can be used to determine these stel-
lar parameters.

Similarly to Ti case, we divided synthetic spectra
�MgH+ atomic lines� by �atomic lines�, and obtained
pure MgH spectrum. Then we selected the better
lines present in observed spectra of our objects. The
next step was computing synthetic spectra for our
model atmospheres, and after that parameter S was
obtained from equation:

S =

n∑
i=1

(fobservedi
− fcomputedi

)2

λ2 − λ1
, SMgH =

N∑
j=1

Sj ,

where n is the number of points in the feature, N is
the number of features, Sj is the deviation for each
feature, S is the total deviation for the model atmo-
sphere with some log g and Teff from the grid, λ1 and
λ2 are the limiting wavelengths of MgH feature.

We used SMgH to estimate the quality of �ts of our
synthetic spectra to the observed spectra. In Table 1
we show SMgH obtained by �ts to MgH lines from
observed spectra of Arcturus and G224-58A. MgH
lines are too weak in the solar spectrum to carry out
their analysis for the Sun.

Finally, for Arcturus and G224-58A we com-
puted the �combined function�:

D = SMgH × 10|logN(TiI)−logN(TiII)|

and investigated its dependence on log g and Teff .
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results and discussion

We have computed abundances of Titanium us-
ing �ts to Ti i and Ti ii lines and provided �ts to the
observed MgH lines in the spectra of Arcturus and
G224-58A for all our model atmospheres. Results
are shown in Table 1 and Fig. 1.

Arcturus is one of the most studied stars after the
Sun, and many authors have previously determined
its fundamental parameters from its high-resolution
spectra. A short overview can be found in [4]. One
of the most recent and precise results is found in [14],
that give Teff = 4286± 30K and log g = 1.66± 0.05.
As can be seen in Table 1 and Fig. 1, we derived a
Teff = 4300K for Arcturus, what is in good agree-
ment with [14].

For both Arcturus and G224-58A, we have found
that our D function is dependent on Teff and log g.
Therefore, once we determined Teff , we �xed it and
determined log g.

For Arcturus, �xing of Teff = 4300K, the smallest
value of deviation in D according to Ti lines, gives
the value of log g = 2.0. According to MgH results,
log g = 1.0. We consider that the best value is prob-
ably an average of both, log g = 1.5.

For G224-58A, when we �x Teff to 4600K (the
best value, see Fig. 1; see detailed analysis in [12]),
Ti lines methodology provides a value of log g = 4.5,
while MgH method gives log g = 4.0. Again, we
have a degeneration of surface gravity. Values ob-
tained here are very close to the ones obtained in [12],
Teff = 4625± 100K and log g = 4.5± 0.5.

Despite the low number of the �tted lines in
the solar spectrum we found the local minima of
∆logN(x) around values 5750/5.0.

We conclude that the combination of �tting MgH
and Ti lines in high-resolution spectra does not can-
cel the degeneracy of solutions in respect to the sur-
face gravity. Some additional constraints should be
used to determine both Teff and log g.
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Table 1: Changes of parameters of deviation found in the variations of Teff and log g for Ti and MgH lines.

Arcturus G224-58A Sun

Teff log g ∆logN(x) SMgH Teff log g ∆logN(x) SMgH Teff log g ∆logN(x)

4000 1.0 0.21±0.18 43.68±0.79 4250 4.0 0.287±0.053 33.90±0.83 5500 4.0 0.25±0.07
4000 1.5 0.18±0.13 62.07±1.04 4250 4.5 0.502±0.053 35.21±0.83 5500 4.5 0.25±0.05
4000 2.0 0.49±0.05 81.67±1.28 4250 5.0 0.425±0.044 34.48±0.83 5500 5.0 0.45±0.04
4100 1.0 0.06±0.20 22.90±0.46 4500 4.0 0.064±0.065 7.73 ±0.39 5650 3.5 0.25±0.06
4100 1.5 0.01±0.10 40.65±1.33 4500 4.5 0.175±0.044 13.21±0.57 5650 4.0 0.31±0.07
4100 2.0 0.28±0.09 57.30±0.98 4500 5.0 0.334±0.041 16.69±0.67 5650 4.5 0.18±0.05
4200 1.0 0.16±0.21 4.59 ±0.14 4600 4.0 0.173±0.060 3.39 ±0.12 5650 5.0 0.36±0.05
4200 1.5 0.16±0.11 17.00±0.38 4600 4.5 0.025±0.044 6.51 ±0.34 5750 3.5 0.10±0.12
4200 2.0 0.05±0.05 34.52±0.66 4600 5.0 0.218±0.059 9.97 ±0.52 5750 4.0 0.08±0.12
4300 1.0 0.30±0.21 2.29 ±0.08 4650 4.0 0.291±0.062 5.47 ±0.26 5750 4.5 0.40±0.10
4300 1.5 0.07±0.18 3.573±0.11 4650 4.5 0.075±0.044 3.76 ±0.16 5750 5.0 0.01±0.02
4300 2.0 0.01±0.12 15.20±0.35 4650 5.0 0.007±0.046 6.08 ±0.36 5777 4.4 0.20±0.01
4400 1.0 0.28±0.27 13.52±0.32 4750 4.0 0.425±0.044 11.31±0.34 5900 3.5 0.48±0.01
4400 1.5 0.09±0.22 2.38 ±0.08 4750 4.5 0.175±0.044 4.78 ±0.12 5900 4.0 0.25±0.12
4400 2.0 0.05±0.15 3.20 ±0.11 4750 5.0 0.007±0.037 4.19 ±0.12 5900 4.5 0.11±0.12
4500 1.0 0.43±0.19 31.62±0.81 5000 4.0 0.625±0.025 40.06±0.93 5900 5.0 0.13±0.02
4500 1.5 0.21±0.14 13.09±0.30 5000 4.5 0.375±0.025 27.21±0.65 6000 3.5 0.14±0.02
4500 2.0 0.15±0.05 2.36 ±0.08 6000 4.0 0.31±0.05
4600 1.0 0.48±0.10 49.24±1.36 6000 4.5 0.00±0.13
4600 1.5 0.28±0.10 30.12±0.74 6000 5.0 0.08±0.03
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