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Abstract

We present the results of a detailed spectroscopic analysis of the double-lined spectroscopic
binary system a Equulei. High-resolution spectra obtained with the SOPHIE spectrograph
at various orbital phases were used to disentangle the composite spectra into individual
components using the spectral line deconvolution (SLD ) iterative technique. The atmo-
spheric parameters of each component were refined with the SME (spectroscopy made easy)
package and further validated by following methods: SED (spectral energy distribution),
the independence of the abundance of individual Fe I-1I lines on the reduced equivalent
width and ionisation potential, and fitting with the hydrogen line profiles. Our accurate
abundance analysis uses a hybrid technique for spectrum synthesis. This is based on classi-
cal model atmospheres that are calculated under the assumption of local thermodynamic
equilibrium (LTE), together with non-LTE (NLTE) line formation. This is used for 15 out
of the 25 species from C to Nd that were investigated. The primary giant component
(G7-type) exhibits a typical abundance pattern for normal stars, with elements from He to
Fe matching solar values and neutron-capture elements showing overabundances up to
0.5 dex. In contrast, the secondary dwarf component displays characteristics of an early
stage Am star. The observed abundance differences imply distinct diffusion processes in
their atmospheres. Our results support the scenario in which chemical peculiarities in Am
stars develop during the main sequence and may decrease as the stars evolve toward the
subgiant branch.

Keywords: binary star; A star; Am star; « Equulei; high-resolution spectroscopy; composite
spectra; spectral line deconvolution; abundances

1. Introduction

Am stars are characterized by the absence of a large-scale magnetic field and show
an overabundance of metals. The question of the formation of chemical anomalies in the
atmospheres of Am stars remains unclear. It is believed that the origin of anomalies is
associated with the processes of atomic diffusion, according to which the diffusion of atoms
and ions of an element occurs under the action of gravity directed towards the centre
of the star and radiation pressure forces that push particles into the outer layers of the
atmosphere [1]. To understand the mechanisms of formation of anomalies in chemical
elements, it is necessary to determine accurately the abundances of elements from light
CNO to rare earth elements (REE).

Observations [2] and theory [3] show that slow rotation (equatorial velocity below
120 km/s) favours the presence of chemical anomalies in A-B stars. There are two different
atomic diffusion scenarios that attempt to explain the Am star phenomenon. Ref. [4]
suggested that the separation of chemical elements occurs directly below the hydrogen
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convection zone, in the radiative zone (see, e.g., [5]), and it is assumed that a very small mass
of a star has high abundance when the star is in the main sequence (MS) stage. Furthermore,
when the star reaches the subgiant branch, there is a decrease in atmospheric abundances
in the star’s atmosphere. In another model proposed by [6], the separation of elements
occurs much deeper in the star. Consequently, most of the mass has anomalous chemical
abundances when the star is in the MS stage; furthermore, the anomalies presumably
remain longer as the star evolves to the subgiant stage.

The majority of previous studies investigating the chemical composition of A-type and
Am stars have been conducted under the assumption of local thermodynamic equilibrium
(LTE) (e.g., [7,8]). However, deviations from LTE can have a significant impact on the
accuracy of abundance determinations, which are essential for testing theories of atomic
diffusion and for the correct interpretation of spectroscopic observations. The non-LTE
(NLTE) approach accounts for these deviations by solving the equations of statistical
equilibrium simultaneously with the radiative transfer equations, thereby providing more
realistic level populations. Recent investigations have demonstrated that, in Am stars with
effective temperatures exceeding 9300 K and surface gravities log ¢ < 4.0, elements such as
calcium and scandium may appear overabundant relative to solar values when analysed in
the non-LTE approach [9].

Of particular interest is the study of binary systems with chemically anomalous
components at different stages of their evolution, which makes it possible to study the
processes of creating chemical anomalies in stellar atmospheres in more detail. Binary star
systems are formed from the same interstellar medium; thus, they should have similar
chemical abundances. However, recent studies have suggested that the component stars in
a binary system may have different chemical abundances (e.g., [10]), which means these
differences are generated by processes during stellar evolution. Therefore, these studies
may provide a clue to the understanding of the physical processes leading to the creation
of anomalies in stellar atmospheres.

For this purpose, we chose the spectroscopic binary star « Equulei (HD 202447,
HD 202448). Griffin and Griffin found that the primary component of the bright composite-
spectrum binary & Equulei is a normal G7 giant, while the secondary is an Am star,
classified as kA3BhA4mA9 based on spectral disentangling [11] (hereafter, GG02). The
system’s well-determined visual orbit and high-resolution spectroscopy allowed for the
precise measurement of the mass ratio (q = 1.15 & 0.03) and component masses (2.3 M®
for the giant primary and 2.0 M©® for the dwarf secondary). Both stars fit a single 0.74 Gyr
isochrone, with the primary on its first ascent of the red giant branch and the secondary
evolving off the main sequence. a Equulei provides a rare opportunity to study the
chemical composition and evolutionary status of an Am star in a well-characterised
binary system.

The paper is organised as follows. Section 2 describes the observations and data
sources used in this study. The spectral disentangling procedure is presented in Section 3.
In Section 4, we detail the model atmospheres and methods applied to determine the stellar
parameters of both components. The abundance analysis is discussed in Section 5. A
comparison of our results with those from the literature is provided in Section 6. Finally,
we present conclusions in Section 7.

2. Observations

We obtain high-resolution spectra from the SOPHIE spectrograph in HR mode
(R = A/AA = 75.000, spectral range 3872-6943 A) in all ranges of phases of radial ve-
locities; so, we are able to disentangle spectra and do spectral analysis. Observational
data are provided in Table 1. Phases are calculated relative to MJDy = 45,293.63
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(GGO02). Additional spectra are available from other archives: UVES (with a resolv-
ing power of R = 71.050-107.200) and NARVAL (R = 65.000). In the case of
UVES, although the spectra cover a wide range of rotational phases, the signal-to-
noise ratio is relatively low: approximately 50-170 for the 3282-4563 A range, and
190-430 for the 4583-6686 A range. In contrast, all NARVAL spectra are obtained
during a single rotational phase, 0.491, when recalculated with respect to the MJDj
value adopted in the study by GG02. Therefore, we select the SOPHIE spectra for
spectral disentangling.

Table 1. Observed spectra from the SOPHIE spectrograph. Phases calculated from M]Dy = 45,293.63.

Sequence Number BJD S/N Phase
2345960_s1d 2458041.25604479 388 0.007
2253190_s1d 2457967.50131843 385 0.260
1872770_s1d 2457295.39394543 442 0.458
1877520_s1d 2457305.35730816 234 0.559
2007640_s1d 2457602.53160324 383 0.567
2016580_s1d 2457622.53572631 326 0.769
2023130_s1d 2457634.49218795 306 0.890

3. Spectral Disentangling

We used a new technique of spectral disentangling introduced in our previous
paper [12]. It is based on the spectral line deconvolution (SLD) method, also developed by
us, which consists of looking for the SLD function v, which provides the observed spectrum
R, after convolution with the theoretical profiles of individual spectral lines p(v):

Ry =) ay x (X(v)p(v)), )

where «, is a set of multiplicative coefficients accounting for the fact that the profile of a
blend is not necessarily a linear sum of the profiles of its individual components contribut-
ing to that blend. The SLD function is a normalised broadening profile that includes all
global physical and instrumental effects that determine the spectral line shape: rotation,
turbulence, and spectral resolution. Equation (1) can be generalised to spectroscopic double
(5B2) and higher-order multiple systems. For SB2 systems in particular, two linear masks
are used to identify two SLD functions, each of which corresponds to a different compo-
nent of the binary system. Applying this to binary systems also involves introducing an
additional free parameter: the flux ratio of two stars.

The disentangling process is characterised by an iterative approach, which can be
described as follows: (I) theoretical line masks for both stars were calculated based on an
initial set of atmospheric parameters. (II) Equation (1) was solved for the SLD func-
tions. Subsequently, we optimised the flux ratios of the two stars using the golden
section method to determine the radius ratio, and line strength corrections were per-
formed by introducing a scale factor for each spectral line across all utilised spectra
during the simultaneous disentangling. (III) The obtained SLD functions were con-
volved with improved line masks to produce disentangled spectra for the two compo-
nents of the binary system. The convergence criterion in the search for the disentangled
spectra was the simultaneous maximisation of the fit between the computed composite
model spectra and the observed spectra across all phases. The resulting spectra, which
were free from masking, were then analysed to refine the atmospheric parameters of
the stars.
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This entire process (steps I to III) is repeated until no significant changes are observed
in the line strength corrections, flux ratios, and atmospheric parameters derived from the
unmasked spectra.

The initial parameters were taken from the work of GG02. The radial velocities of the
components were obtained using a two-dimensional mutual correlation method similar to
that used in the TODCOR code [13]. This method was applied to the spectra used in the
disentangling process.

For test purposes, we used artificial dual spectra mimicking the observed spectra.
Synthetic spectra of each component, expressed in flux units, were folded to account
for the shift in the wavelength scale according to the radial velocity of each component.
These composite spectra were then convolved with an instrumental profile corresponding
to R = 75,000, and noise was added to simulate the S/N = 350 ratio. Spectrum disen-
tangling was performed under the perturbation of atmospheric parameters and showed
insensitivity to their variations within the errors in the calculation of SLD masks. As
for the disentangling of the real observed spectra, two iterations were sufficient to obtain
the final results. Figure 1 shows the results of disentangling the observed spectra of the
« Equulei system.
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Figure 1. (a) The quality of the fit to observed spectra of « Equulei in two different orbital phases.
The observations are indicated by black dots, the red line shows the best-fit composite profile, and
the black line shows the residuals between the observations and the best-fit model. (b) Disentangled
spectra of the components in the same spectral regions (black dots). The red lines show the fit of the
synthetic spectra, which were calculated using the final atmospheric parameters, to the individual
spectra of the components.

4. Stellar Fundamental Parameters

After each spectral disentangling into two component spectra, the atmospheric pa-
rameters of each component were determined using the spectroscopy made easy (SME)
software package [14]. SME derives the effective temperature (Teg), surface gravity (log g),
metallicity ((M/H]), projected rotational velocity (ve sin ), microturbulent velocity (&), and
macroturbulent velocity (Crt). The code computes synthetic spectra using precomputed
grids of stellar atmosphere models within selected spectral regions and performs a fitting
procedure to the observed spectra to determine the best-fit values of the adjustable parame-
ters. In our analysis, we employed the LLmodels grid [15]. Fitting was performed in the
optical spectral range, including hydrogen lines that are particularly sensitive to variations
in Ty, especially log g.

The chosen spectral intervals contain approximately 300 Fe1 and FeII lines spanning
a wide range of excitation potentials and equivalent widths (EWs) from 3 to 110 mA.
These lines are crucial for constraining T,¢ and log g by ensuring ionisation balance, i.e.,
agreement in elemental abundance derived from lines of different ionisation stages, as well
as for determining &;. The microturbulent velocity was derived by requiring the consistency
of the iron abundance obtained from individual lines of varying equivalent widths.

The results of the atmospheric parameter determination based on SME analysis of the
observed spectra are presented in Table 2. We used two independent methods to estimate
the uncertainties of the free parameters. The first is the classical approach based on the
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covariance matrix of the least-squares fit, which yields small internal errors that do not
exceed 5 K for T, and 0.01 dex for the other parameters. Note that these uncertainties
are not summarised in Table 2. The second method is based on the analysis of cumulative
probability distributions (see, e.g., [14]), which accounts for observational noise, continuum
normalisation, atomic data uncertainties, and other potential sources of systematic error.
While the exact magnitude of these systematics is difficult to quantify, the true uncertainties
likely lie between the estimates obtained from the two methods.

Table 2. Atmospheric parameters of both components.

Component Teg, logg [Fe/H] R/Rg &, IrRT,  Uesini,

K kms™! kms~! kms™!
A 5160 £65 294+ 0.28 0.11 +£0.06 9.20 £0.01 1.13£0.14 0.0 5.53 +0.14
B 8260 £+ 218 3.62 +0.37 0.14 +0.16 2.60 £0.03 4.22 £1.15 0.0 25.88 + 3.45

Note: Teg, log g, [Fe/H], i, Crt, ve sini derived by SME and R/R¢ derived by SED for these parameters.

To check the adequacy of the chosen atmospheric model for the SME solution for the
stars of the first and second components, we plotted the dependence of the abundance of
individual Fe I-11 lines on the reduced equivalent width log(W), /A) and ionisation potential
E; (Figure 2). In the first case, the absence of dependence confirms the correctness of the
obtained microturbulent velocity ¢i; in the second case, the parameters of the atmosphere
T and log g. We also present the profiles of the H, and Hy hydrogen lines with synthetic
spectra calculated with the obtained from SME solution atmospheric models (Figure 3).
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Figure 2. Fel (black dots) and Fel (blue dots) abundances relative to the reduced equivalent widths
log(W, /A) and ionisation potential E; for the « Equulei components. The solar Fe abundance
is shown by the solid horizontal line. Dashed lines indicate differences of £0.12 from the solar
abundance. The r value in the graphs is the Pearson correlation coefficient.
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Figure 3. Hydrogen line profiles in the atmosphere of two components of « Equulei, (a)—H, and
(b)—Hg. Normalised continuum is indicated by a dashed line.

Another method for verifying the parameters is the spectral energy distribution (SED)
fitting. This involves fitting a theoretical SED model to the observations by varying at-
mospheric parameters from an LLmodel grid, where absorption in each line is calculated
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taking into account the individual chemical composition. During the fitting process, pa-
rameters such as effective temperature (Tes), surface gravity (log g), metallicity ([Fe/H]),
and stellar radius (R/R@) can be simultaneously adjusted. In this case, only the radius
of each component in the binary star system was varied, as the other parameters were
reasonably well determined using the SME method. The flux from each component was
then calculated based on the radius contributions and compared to the observed data. The
correction for interstellar reddening was applied according to the extinction curve from
the paper [16] with the A, = 3.1 % E(B — V). E(B — V) value was taken from the dust
map from the EXPLORE (accessed on 21 July 2025) website! and for the distance 58 pc it
equals 0.024.

As a result, we obtained R4 = 9.20R; and Rp = 2.60R, which is consistent with the
results presented in the GGO02 paper. The SED is shown in Figure 4.

a Equ SED
—— A+B model
1201 ——  Amodel t5160g2.92, R =9.20
—— B model t8260g3.62, R =2.60
IUE
100 - ® TDI
B GAIADR3
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| oo
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‘\— =
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Wavelength, A

Figure 4. Spectral energy distributions for « Equulei. The black line represents the energy distri-
bution obtained from calculations with the best-fit radius values of the primary and the secondary
components; the red line represents the spectral energy distribution based on the SME solution for
the primary component; the blue line refers to the secondary component. Radii are provided as the
radius of the Sun.

5. Abundance Analysis

The determination of chemical abundances was carried out by fitting synthetic spectral
line profiles to the observed ones using the BINMAG6 code [17]. This program allows for
variation of the elemental abundance, macroturbulent velocity, projected rotational velocity
(ve sini), and radial velocity (V;) of the star. We determined 25 abundances of elements
from C to Nd. For elements up to barium, abundances were derived from lines of neutral
atoms and first ions, while for the REEs, lines of first and second ions were used.

Synthetic spectra were computed with the SYNTHVB code [18], which enables the
calculation of both LTE and non-LTE line profiles by incorporating b-factors (the ratio
of atomic level populations in non-LTE to those in LTE), computed with the DETAIL
code ([19-21]). Atomic data were taken from VALD3 [22,23].
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Elemental abundances are provided on the standard logarithmic scale,

loge = log(Ne /Ni1) + 12.04, where N and Ny are the number densities of the element and

hydrogen, respectively.

He, Al S, V, Cr, Mn, Co, Ni, and REE abundances (La, Ce, and Nd) were derived in
LTE. For C, O, Na, Mg, 5i, K, Ca, Sc, Ti, Fe, Zn, Sr, Y, Zr, and Ba, we determined LTE and
non-LTE abundances using model atoms. The model atoms and references to their detailed
descriptions are summarized in Table 3. The derived abundances of & Equulei components

are presented in Table 4 and shown in Figure 5.

5160g2.90

2.0
@ Neutral atoms

1.5 @ Istions

1.0 1

°'5' | TP Rt

=
a3
0.0
—0.5 1 i §
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@ IInd ions
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C O NaMgAl Si S CaSc Ti CrMnFe CoNi Zn Sr Y Zr Ba N

(b)
Figure 5. Abundance pattern in « Equulei relative to solar values, indicated by the solid line, with 3¢
errors shown as dashed lines. (a) Abundances of « Equulei A with model 5160g3.90; (b) abundances
of @ Equulei B with model 8260g3.60. For elements where both LTE and non-LTE abundances are

available, the corresponding LTE values are shown using open symbols.

In the spectrum of the primary component, the following elements are represented by
a single line: K1 5108A, Mn1 6205A and Ba1 6110A. The resonance line K1 7698A was
not observed in the SOPHIE spectrum because the necessary band was missing. In the
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secondary component, the elements AlT 5557A, S1 50324, and Co1 5483A are represented

by a single line.

Table 3. Model atoms used for non-LTE calculations and corresponding references.

Element

Reference

C
O
Na
Mg
Si
Ca
K
Sc
Ti
Fe
Zn
Sr, Zr, Ba
Y

Alexeeva, Ryabchikova, and Mashonkina [24]
Sitnova, Mashonkina, and Ryabchikova [25]
Alexeeva, Pakhomov, and Mashonkina [26]
Alexeeva et al. [27]

Mashonkina [28]

Sitnova, Mashonkina, and Ryabchikova [29]
Neretina et al. [30]

Mashonkina [31]

Sitnova et al. [32]

Sitnova et al. [33]

Sitnova et al. [34]

Mashonkina et al. [35]

Romanovskaya et al. [36]

Table 4. Non-LT E and LTE abundances for atoms and ions in the atmosphere of both components of
a Equulei (A: 5160g2.90 and B: 8260g3.60), scaled to loge = log(Ng/ Nyp) + 12.04.

« Equulei A « Equulei B Sun
Element loge [X/H] n loge [X/H] n
CI L 8.11(07) —0.36 2 8.43(16) —0.04 5 8.47
N 8.10(10) —0.37 8.39(15) —0.08
O1 L 8.86(26) 0.13 9 8.73
N 8.80(26) 0.07
Na1 L 6.32(13) 0.05 4 6.76(43) 0.49 4 6.27
N 6.25(13) —0.02 6.46(34) 0.19
Mg1 L 7.47(05) —0.05 5 7.47(26) —0.05 6 7.52
N 7.61(07) 0.09 7.34(20) —0.18
Mg 11 L 7.68(26) 0.16 4
N 7.62(29) 0.10
Mg/Hl, 0 N 0.09(07) —0.07(28)
All L 6.29(09) —-0.13 3 6.83(20) 0.41 1 6.42
Si1 L 7.55(14) 0.04 12 7.78(04) 0.27 5 7.51
N 7.48(12) —0.03 7.73(03) 0.22
Sint L 7.51(18) 0.00 5
N 7.58(17) 0.07
[Si/Hluean N —0.03(12) 0.15(15)
SI L 7.35(16) 0.20 4 7.15
Su L 7.88(20) 0.73 1
[S/Hlean L 0.31(26)
K1 L 5.42(20) 0.35 1 5.07
N 5.38(20) 0.31
Ca1 L 6.51(12) 0.24 11 6.11(16) —0.16 12
N 6.54(11) 0.27 6.17(15) —0.10
Can L 6.20(11) —0.07 3 6.20(11) —0.07 5
N 6.18(12) —0.09 6.19(11) —0.08
[Ca/H]ean N 0.20(19) —0.10(14)
Sc1 L 3.21(09) 0.17 11 3.04
Sc1r L 3.00(05) 0.04 7 2.74(16) —0.30 6
N 3.02(12) —0.02 2.73(14) —0.31
[Sc/Hlean L* 0.12(14) —0.30(14)
Tit L 5.02(12) 0.12 75 4.90
N 4.99(14) 0.09
Tin L 4.98(14) 0.08 37 4.81(13) —0.09 36
N 4.95(13) 0.05 4.78(14) —0.12
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Table 4. Cont.

« Equulei A « Equulei B Sun
Element loge [X/H] n loge [X/H] n
[Ti/Hlpean N 0.08(14) —0.12(14)
\'A! L 4.06(11) 0.11 24 3.95
N
Cr1 L 5.69(25) 0.06 9 5.77(19) 0.14 8 5.63
N
Cri L 5.74(20) 0.11 21 5.73(19) 0.10 28
N
[Cr/Hlyenn L 0.10(22) 0.11(19)
Mn1 L 5.29(15) —0.18 6 5.64(26) 0.17 10 5.47
Mn 11 L 5.26(20) —0.21 1 6.12(07) 0.65 2
[Mn/HJ,00n L —0.18(14) 0.25(30)
Fel L 7.41(14) —0.04 24 7.43(18) —0.02 19 7.45
N 7.40(13) —0.05 7.40(20) —0.05
Fell L 7.36(14) —0.09 26 7.44(16) —0.01 40
N 7.35(14) —0.10 7.44(16) —0.01
[Fe/H]ean N —0.08(14) —0.02(18)
Co1 L 4.83(16) —0.03 13 5.22(20) 0.36 1 4.86
NirI L 6.13(09) —0.07 13 6.48(20) 0.28 17 6.20
Cul L 4.04(07) —0.14 3 4.24
Zn1 L 4.26(07) —0.35 3 4.86(07) 0.25 3 4.61
N 4.20(05) —0.41 4.90(07) 0.29
Sr1 L 3.31(13) 0.43 3 2.88
Sri L 3.00(06) 0.12 3 3.99(31) 1.11 3
N 3.02(08) 0.14 3.92(32) 1.04
[Sr/Hlyean L* 0.28(19) 1.11(31)
YI L 2.75(17) 0.60 3 2.15
N 3.08(23) 0.93
Y11 L 2.66(16) 0.51 12 3.11(16) 0.96 15
N 2.63(17) 0.48 3.07(16) 0.92
[Y/H],ean N 0.57(25) 0.92(16)
Zr1 L 3.16(08) 0.61 2 2.55
Zr1 L 2.94(06) 0.39 3 3.37(11) 0.82 7
N 2.96(09) 0.41 3.43(10) 0.88
[Zr/H]pean L* 0.48(13) 0.82(11)
Bal L 2.52(20) 0.35 1 2.17
Ball L 2.94(12) 0.77 5 3.58(19) 1.41 5
N 2.91(10) 0.74 3.43(11) 1.26
[Ba/Hl 0 L* 0.70(19) 1.41(19)
Lall L 1.43(19) 1.43 4 1.17
Cell L 2.09(19) 0.51 11 1.58
Nd 11 L 1.80(21) 0.35 15 1.45
Nd 111 L 2.59(05) 1.14 3

Note: L and N indicate LTE and non-LTE mean abundances. [X/H] indicates the abundance relative to solar
abundance. nj is the number of spectral lines used for abundance determination. The standard deviation is
provided in parentheses and was assumed to be 0.2 dex when the abundance was obtained from a single line.

’

‘Mean’ in the lower index indicates an average abundance for both ionisation stages. The **’ symbol in the ‘Mean
row denotes that the mean was calculated under LTE assumptions only, as non-LTE data are not available for both
ionisation stages. The last column contains present-day solar system abundances taken from [37].

In the atmospheres of the investigated stars, the concentrations of Mg, Si, Ca, Sc, Ti, Cr,
Mn, and Fe remain at equilibrium values. The abundances of heavy elements Zn, Sr, Y, Zr,
and Ba in the primary component are represented by neutral atoms and ions. The non-LTE
models of the atoms of the corresponding elements contain only the transitions of the once
ionised element, and the non-LTE corrections do not exceed £0.03 dex. Therefore, for neutral
atoms, the non-LTE corrections are expected to be in approximately the same range. REEs
are also observed in the primary component spectrum: Lal, Ce, and Nd I, where CeI shows
the maximum deviation from the solar values of 0.51 dex among the neighbouring elements.
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In the spectrum of the secondary component, the non-LTE corrections of the heavy elements
do not exceed £0.06 dex and differ from the solar values in the range from 0.88 to 1.26, while
the REEs are represented only by Nd 111, which exceeds the solar value by 1.14 dex.

6. Discussion

The observed abundance pattern of chemical elements in the primary component is
close to the solar values. The overall metallicity of the star is 0.09 = 0.28, and the metallicity
for elements from C to Cu is —0.02 £ 0.16. For the secondary component the metallicity are
0.35 & 0.46 and for elements from C to Ni 0.09 % 0.26, respectively.

Stars can be considered as normal if the abundance of the elements from He to Fe
matches the solar values within 3¢ error and the abundance of heavier elements can be
correlated with the effective temperature, as we demonstrate in our previous paper [38].
The primary component of « Equulei has an almost solar abundance of elements from C to
Cu, Zn show underabundance of 0.41 dex, and neutron-capture elements (n-capture) show
overabundances from 0.41 dex for Zr 1 to 0.74 dex for Ba1. REEs are denoted by the elements
Ce and Nd, and their relative abundances are estimated to be 0.35 and 0.51 dex greater
than the solar values, respectively. Therefore, we conclude that the primary component of
« Equulei is a normal star of the G spectral class.

Since the secondary component exhibits a higher metallicity than the primary compo-
nent, we investigated the differences in abundance between low-rotation Am-type stars
in different evolutionary stages. To make this comparison, we selected stars with close
fundamental parameters: star HD 145788, which is in the early stages of becoming an Am
star, with atmospheric parameters of T = 9800 and log g = 3.73 [38], and the Am star
o Peg with T = 9600 and log g = 3.81 [36]. Both stars have well-determined LTE and
non-LTE abundances, as well as reliably established atmospheric parameters. This makes
them suitable benchmarks for comparison in Figure 6. The RMS of overall metallicity is
—0.08 £ 0.29 between a Equulei B and HD 145788 and —0.21 + 0.28 between « Equulei B
and oPeg. The abundance pattern in the atmosphere of « Equulei B is close to that of HD
145788, despite the T. discrepancy of 1540 K.

2.0
@ aEquB 8260g3.60

@ HD 145788 9800g3.73
159 &  0Peg9600g3.81

1.0 1

0.5 A

[X/H]

0.0 1

—0.5 1

_1 .0 T T T T T T T T T T T T T T T T T T T T T T T T T T
He C N ONaMgAISi S KCaScTi V CrMnFeCoNiZnSr Y ZrBalLaNd
Figure 6. Abundance comparison of the secondary component of « Equulei B (black dots) to early

Am star HD 145788 (red dots) and Am star o Peg (blue dots), relative to solar values, indicated by the
solid line, with 3¢ errors shown as dashed lines. Grey lines indicate non-LTE abundances.

The abundances of elements Al and S are higher than in Am stars, but note that the
abundances of both elements were derived from a single line. The abundances of elements
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from Sc to Zn are lower than in an Am star; however, the abundances of heavy elements
Srt, Y, Zr, and Ba are close to the values observed in HD 145788 within errors. Non-LTE
calculations from [31] showed that in Am stars with Teg < 9000 K and log ¢ <4 Ca and
Sc have predominantly lower than solar abundances [9]. In the secondary component «
Equulei, the Ca and Sc abundances do not contradict the conclusions of the above paper.
Zn shows an abundance close to that of normal stars, where a Zn excess of up to 0.75 dex is
observed in the 9500 K effective temperature range. Therefore, we conclude that « Equulei
B is in the early stages of becoming an Am.

7. Conclusions

In this study, we performed, for the first time, a self-consistent chemical abundance
analysis of the eclipsing spectroscopic binary « Equulei, covering elements from C to Nd.
The fundamental stellar parameters were refined using spectral disentangling and the SME
package. Additionally we validated the fundamental parameters by demonstrating that the
abundance of individual Fe I-1I lines does not depend on the reduced equivalent widths
and ionisation potential, spectral energy distributions, or hydrogen line profile fitting. We
determined the abundances of 25 chemical elements, applying non-LTE methods to 15 of
them. The non-LTE abundances of C, O, Na, Mg, Si, K, Ca, Sc, Ti, Fe, Zn, Sr, Y, Zr, and Ba
were obtained using the same non-LTE modelling approach as in [36].

The primary component (G7-type) exhibited a typical abundance pattern for normal
stars: the elements from He to Fe matched the solar values, and neutron-captured elements
showed an overabundance average of up to 0.5 dex, relative to solar values. Despite this,
non-LTE effects for the primary prove negligible (<0.1 dex) and can be safely disregarded
in abundance analysis.

In contrast, the secondary component shows Am star characteristics, requiring non-
LTE corrections for elemental abundances. Our results support the spectral type classi-
fications of both components proposed in GG02. However, based on our comparison of
chemical abundances in Am stars at different evolutionary stages, we conclude that «
Equulei B is an early stage Am star. We also detect Na, K, V, Cu, La, and Ce exclusively in
the primary component, while S appears only in the secondary.

Since the atmospheric parameters we obtained match those in the GG02 paper, we also
confirm the conclusion that these stars formed simultaneously. The observed differences in
chemical abundance between the two components of the « Equulei binary system suggest
different diffusion processes in their stellar atmospheres. Our results support the idea that
chemical anomalies in Am stars emerge during the main sequence and may decrease as the
stars evolve toward the subgiant branch due to the deepening of the convective zone.
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SLD Spectral Line Deconvolution

SME Spectroscopy Made Easy

REE Rare Earth Elements

MS Main Sequence

LTE Local Thermodynamic Equilibrium

SOPHIE Spectrograph for the Observation of the Phenomena of Stellar Interiors and Exoplanets
HR mode  High-resolution Mode

UVES Ultraviolet and Visual Echelle Spectrograph
LLmodels Line-by-Line models
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