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EFFECTIVE TEMPERATURE CALIBRATION OF GALACTIC BA-TYPE SUPERGIANTS

This study aims to establish a homogeneous effective temperature scale for a large sample
of Galactic blue supergiants by combining medium-resolution spectroscopy with multi-band
spectral energy distribution analysis. The sample includes about 140 stars in the B7-A0 spectral
range. As the main spectroscopic diagnostic, the equivalent-width ratio of the temperature-
sensitive He | 14471 and Mg Il 14481 lines was used. An empirical calibration was constructed
from standard supergiants with reliably determined atmospheric parameters, and the resulting
polynomial relation was applied to derive effective temperatures for the full sample. To verify the
spectroscopic estimates, spectral energy distributions were compiled from ultraviolet, optical,
near-infrared, and mid-infrared photometry and compared with theoretical stellar atmosphere
models. The obtained results show that the adopted line-ratio index provides an efficient
observational temperature indicator across the studied range and allows all program stars to be
placed on a single internally consistent temperature scale. The spectral energy distribution
analysis supports the spectroscopic results and serves as an independent consistency check of
the derived parameters. The scientific novelty of the work lies in the development and application
of a uniform calibration framework suitable for a large observational sample without requiring
full detailed atmospheric modeling for each object. The results enlarge the empirical basis for the
study of blue supergiants and provide a practical reference for future Galactic and extragalactic
stellar investigations.

Keywords: BA supergiants, Galactic supergiants, temperature calibration, equivalent width
ratio, spectroscopic diagnostics, spectral energy distribution.
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lanakTMKanbiK BA aca anoin XynapidgapasliH TMimai TemnepaTypacbiH Kaanbpnaey

Byn 3epTTeyaiH MaKcaTbl opTalla amblpbiMAbINbIKTafbl CMEKTPOCKOMUA MEH KOMKoaaKTbl
CNEeKTPNIK 3Heprua TapanyblH Tangayapl OipiKTipy apKplabl ranakTMKanblk, KeK aca anbin
KYNAbI3AAPAbIH, VIKEH TaHAaybl YWiH BipTekTi TMiMai TemnepaTypa LWKanacblH Kypy 60Abin
Tabblnaabl. TaHaama B7-A0 cneKkTphik apanbiFblHAAFbl WamameH 140 Kynabisabl KamTuabl.
Herisri cnekTPOCKONUANLIK AMArHOCTUKA/bIK KepCETKIW peTiHAe TemnepaTypafa cesimTan He
| A4471 woHe Mg Il A4481 cbi3bIKTapbiHbIH 3KBMBANEHT eHi KaTblHacbl MaiaanaHblagbl.
ATmocdepasnblk napameTpaepi ceHiMAi aHbIKTanFaH CTaHAAPTTbI aca ajbin KyAabl34ap HerisiHae
IMNUPUKANbIK Kannbpaey acanbin, anblHFAH NOAMHOMABIK, Tayenainik Oykin TaHaama yuiH
TUiIMAi TeMnepaTypanapapbl aHblkTayFa KongaHblaabl. CNeKTpoCKoNMAbIK Bafanaynapabl Tekcepy
MaKcaTblHAA YAbTPAKYATiH, ONTMKaNbIK, KaKblH WHOPAKbI3bI KaHe opTa WMHOPaKbI3bIA
boTOMETPUA AepeKTepi HerisiHAe CHeKTP/iK 3Heprus Tapanynapbl KypacTbipbiabif, Mya4bi3
aTMocdepanapbiHbiH,  TEOPUANbIK MOAENbAEPIMEH CaNbICTbIPbIAALIL.  AfbIHFAH HaTUXKenep
KONAaHbINFAH CbI3bIKTAp KaTblHACbIHbIH, WMHAEKCI 3epTTenin oTblpfaH OyKin  AnanasoHaa
TemnepaTypaHblH, TMiMai GakblnayablK WMHAMKATOPLI 60abin TabbliaTbiHbIH KaHe 6ap/blK
baroapnamanblK  KyAablzgapabl  ©3apa  yhnecimai  bipblHFal  TemnepaTypasiblk - LIKanafa
OpHanacTblpyfa MYMKIHAIK OepeTiHiH KepceTedi. CnekTp/ik 3Heprva TapanyblH Tangay
CNEKTPOCKONUANBIK, HITWXKENepai pacTakpl KaHe anblHFaH MapaMeTpaepAiH, CaMKecTiriH
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TOYe/ICi3 TeKCepy Kypasbl peTiHAe Kbi3mMeT eTefi. HyMbICTbIH, Fbl/IbIMW YKaHablfbl 9pHip HbicaH
YWiH aTMochepaHbl TOMbIK erKen-Terkenni moaenbaeyni KaxkeT eTnecTeH, YaKeH baKkbliayblK,
TaHAamanapfa *Kapambl OipbiHFalt Kannbpaey TaciNiH a3ipaey KaHe KonaaHy 60bin Tabblnaabl.
ANbIHFAH HITUXKENEP KOK aca anblin KyAabi3Aapabl 3epTTeyaiH, IMNUPUKANbIK HETI3iH KeHenTeai
’KoHe OonalakTafbl ranakTUKaNblK api ranakTMKagaH TbIC KYAAbI3AbIK 3epTreyaep YuWiH
NPaKTMKaNbIK aHbIKTaMablK Heri3 yCbiHaab!.

TyiiH cespep: BA aca anbin KyA4bi34apbl, ranakTMKaNblK aca anbin Kya4si3aap,
TemnepaTypaHbl Kannbprey, sKBUBANEHT eHAep KaTblHACbl, CNEKTPOCKOMUAbIK AMAarHOCTUKA,
CNEeKTPAIK 3Hepruna Tapanybl.
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Kannbposka appeKkTMBHON TemnepaTypbl ranakTuyeckmux BA cBepxrmraHToB

HacToAulee nccneoBaHme HanpaBieHO Ha NOCTPOEHWE OAHOPOAHOM LWKanbl 3PPEKTUBHbIX
TemnepaTyp A0 OOAbLION BbIOOPKM ranakTUYECKMX ronybbiXx CBEPXTMIaHTOB Ha OCHOBE
COYETaHMA CMEeKTPOCKOMUM CpeZlHero pa3pelleHna M aHaan3a CNekTpasbHOro pacnpeneneHuns
3HEepPrum B LULMPOKOM ZinanasoHe AJ1MH BOAIH. BbiBopKa BKAto4aeT okoo 140 3837, CNeKTPaabHOro
AmnanasoHa B7-A0. B KayecTBe OCHOBHOIMO CMEKTPOCKOMMYECKOro AMArHOCTUYECKOrO NapameTpa
MCMO0/1b30BasI0Ch OTHOLLEHME 3KBMBAIEHTHbIX WMPUH TEMNEPATYPHO-YYBCTBUTENIbHBIX IMHUIA He
| 14471 v Mg |l A4481. Ha ocHoBe CTaHAAPTHbIX CBEPXIMIaHTOB C HAAEXHO onpeaenéHHbIMU
aTMocdepHbIMM NapameTpammn Oblna MOCTPOEHa amnMpuyeckas KaanbpoBKa, a MosydYeHHoe
NONMHOMMA/IbHOE COOTHOLWEHNE NPUMEHEHO ANA onpeaeneHns 3bPeKTUBHbIX TEMNepPaTyp BCeW
BbIDOPKM. [1NA MPOBEPKM CMEKTPOCKOMUYECKMX OLEHOK OblIM MOCTPOEHbI CNEKTPasibHble
pacnpeaeneHua 3HeprMm C UCNONAb30BAaHMEM YAbTPAUONETOBOM, OMTUYECKOM, OAMNKHEN
MHdpaKpacHon 1 cpeaHel MHOPaAKpPacHOM GOTOMETPUM M COMOCTABAEHbI C TEOPETUYECKMMM
MoZenAMM 3BE3AHbIX aTMochep. MoayyeHHble pe3ybTaTbl MOKa3bIBAOT, YTO NPUHATLIN MHAEKC
OTHOLLEHMA NNHUI ABAAeTCcA 3GPEKTUBHBIM HabAtoAATENbHBIM MHAMKATOPOM TeMnepaTypbl BO
BCEM MCCAeAyEMOM AMana3oHe 1 NO3BOJIAET MOMECTUTb BCE NPOrPaMMHble 3BE3/lbl HA eAMHYH0
BHYTPEHHE COrNacCoBaHHYID TeMnepaTypHYto LWKany. AHANM3 CNeKTpasbHOro pacnpeaeneHms
3HEPrMm NOATBEPKAAET CNEKTPOCKOMMUYECKME PE3YbTaTbl U CAYHKUT HE3AaBUCUMOM NPOBEPKON
COTNAaCcoOBAHHOCTM MOJIYYEeHHbIX MapamMeTpoB. HayyHas HOBM3HaA paboTbl 3akNyaeTca B
pa3paboTke W NPUMEHEHUU eAMHON KaAMOPOBOYHOM CXEMbl, MPUrOAHON A8 OOAbLIOK
HabntogaTenbHoOM  BbIOBOPKM 6e3  HeobXoAMMOCTM  BbIMNOJIHEHMA  MOJIHOTO  AeTasbHOro
MoAeNMpoBaHMA atmocdhepbl A8 Kaxkaoro obbekTa. [onyvyeHHble pesynbTaTbhl PaCLLUMpPAOT
SMMUPUYECKYID OCHOBY ANA WUCCNeLOBaHWMA Tronybbix CBEPXTMIAHTOB M NPeaCcTaBaAoT coboM
NPaKTUYECKYO onopy ANA ByAyLMX UCCNeA0BAHWMA FaNaKTUYECKMX U BHEralTaKTUYeCKMX 3BE3.

Kniouesble cnoBa: BA-CBepXruraHTbl, ranakTUYeCKMe  CBEPXTUraHTbl, KannbpoBKa
TemnepaTypbl, OTHOLIEHWE 3KBMBAMIEHTHbIX LUMPWMH, CMEKTPOCKOMMYECKas [AMarHOCTUKa,
CMeKTpanbHOe pacnpeeneHne sHeprum.

Introduction

Blue supergiants of mid-B to mid-A spectral
types are luminous, relatively massive stars that
occupy a short-lived but astrophysically important
stage of stellar evolution. With typical masses of
about 7-15 M(Q, they radiate most of their energy in
the optical domain and therefore belong to the
visually brightest stellar objects in galaxies. Owing to
their  exceptionally high luminosities, blue

supergiants can be detected in external galaxies at
distances of several to several tens of Mpc, which
makes them valuable tracers of recent star formation,
stellar evolution in the upper Hertzsprung—Russell
diagram, and the chemical properties of young stellar
populations.

Systematic studies of Galactic A- and BA-type
supergiants have demonstrated both the diagnostic
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richness and the complexity of these objects. The
pioneering series by [1] presented an extensive
ultraviolet and optical atlas of A-type supergiants and
analyzed their atmospheric parameters and projected
rotational velocities, establishing an important
observational basis for later quantitative work.
Subsequent high-precision spectroscopic analyses [2]
showed that reliable atmospheric parameters of
Galactic BA-type supergiants can be obtained
through a combination of hydrogen lines, ionization
equilibria of metals, and spectro-photometric
constraints, leading to improved calibrations of
spectral type, intrinsic colors, and bolometric
corrections. More recently, WeBmayer et al. [3]
extended such quantitative analyses to Galactic B-
type supergiants and confirmed that a careful
treatment of the atmospheric structure and line
formation is essential for deriving accurate stellar
parameters and chemical abundances. However, these
detailed studies were based on relatively modest
samples, typically of a few tens of stars, and therefore
do not yet fully cover the observational diversity of
the nearby Galactic blue-supergiant population.

A larger sample is needed not only to improve
empirical calibrations between observable quantities
and fundamental parameters, but also to test how
robust these calibrations remain across different
luminosity classes, rotation rates, reddening
conditions, and circumstellar environments. Such a
data set is particularly useful for identifying purely
observational diagnostics that can later be applied to
more distant stars in the Galaxy and beyond, where
full high-resolution spectroscopic modeling is not
always feasible.

Although several recent projects have focused
on blue supergiants using high-resolution

Materials and methods

As a first step of the spectroscopic analysis, we
investigated the temperature-sensitive absorption
lines He 1 24471 and Mg II A4481. This line pair is
widely used in the analysis of early- and intermediate-
type stars because the relative strength of these
features changes systematically with effective
temperature, reflecting variations in the excitation
and ionization conditions in the stellar atmosphere
[6]. In particular, the ratio between the helium and
magnesium lines provides a convenient observational
indicator for stars in the B-A spectral domain, where
the He I line gradually weakens toward lower
temperatures, while Mg II becomes more
pronounced.

The analysis was based on more than 1000
spectra of Galactic supergiants obtained in 2014-2026
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spectroscopy, a complementary medium-resolution
approach remains highly relevant. Medium-
resolution spectra allow one to observe substantially
larger samples in a homogeneous way and to derive
temperatures, gravities, and reddening-sensitive
characteristics with reasonable efficiency. When
combined with spectral energy distribution (SED)
analysis based on broad-band photometry from the
ultraviolet to the infrared, such spectroscopy provides
an independent cross-check of parameters inferred
from line-profile modeling. This is especially
important for blue supergiants, for which interstellar
extinction, possible infrared excess, and the
sensitivity of the continuum shape to Teff can
significantly affect the final parameter determination.
In this sense, the joint use of spectroscopy and SED
fitting is not merely auxiliary, but forms a self-
consistent observational framework for establishing
reliable stellar parameters and testing empirical
calibrations. In related classes of hot stars, such as
objects with the Be and B[e] phenomena,
circumstellar emission and binarity are known to
affect both line profiles and infrared excesses, further
emphasizing the need for caution when interpreting
continuum-based diagnostics [4,5].

In the present project, we analyzed multiple
spectra for about 140 Galactic supergiants in the
spectral range B7—A0 down to V~10 mag. The main
goal is to derive Teff using a combination of medium-
resolution spectroscopy and multi-band photometric
SED analysis. Such a study is expected to enlarge the
empirical basis established in earlier detailed analyses
and to provide a homogeneous reference sample for
future work on Galactic and extragalactic blue
supergiants.

at the Three College Observatory (TCO, North
Carolina, USA). For each star, the measured line
parameters were averaged over multiple spectra. The
observations were carried out with the 0.81 m
telescope equipped with a fiber-fed échelle
spectrograph manufactured by Shelyak Instruments
and an ATIK-460EX detector. The spectra have a
resolving power of R~12 000 and cover the
wavelength range from about 3800 to 7900 A without
gaps between the spectral orders. This instrumental
setup is well suited for the present program, since it
provides adequate spectral resolution and signal
quality for stars down to about V~10 mag. For the
brightest objects, the signal-to-noise ratio in the
continuum reaches ~100-200 within a few seconds,
whereas for the faintest targets it is typically about
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~50 after exposures of 2-3 h. The highest signal-to-
noise ratio, reaching up to ~300, is achieved in the
4500-5500 A region, which includes the diagnostic
He I and Mg II lines used in this work.

The equivalent widths of the He I and Mg 11 lines
were measured in the IRAF environment using a
manual procedure. Prior to the measurements, all
spectra were continuum-normalized in IRAF in a
consistent manner. The local continuum was defined
interactively in the vicinity of each line, taking into
account the actual shape of the observed spectrum
and avoiding distorted or blended regions wherever
possible. The equivalent widths were then determined
by direct integration of the line profiles relative to the
normalized continuum. For consistency, the same line
identifications and a uniform integration approach
were applied to all spectra in the sample.

The empirical calibration was constructed for the
range Teff = 8000-20 000 K, which covers the typical
effective temperatures of BA-type supergiants in our
sample.

To establish an empirical temperature
calibration, a set of standard stars with reliably
determined atmospheric parameters was adopted
from the spectroscopic study of BA-type supergiants
[7]. Their effective temperatures, together with the
measured equivalent widths of the diagnostic lines,
are listed in Table 1. For each calibration star, the
equivalent widths of He 1 4471 and Mg II 4481 were
measured in a homogeneous manner, and the line-
strength ratio

_ EW(Hel4471)
~ EW(Mg Il A4481)

was calculated. This ratio is temperature-sensitive
because the He I line strengthens toward higher
temperatures, whereas Mg II becomes relatively
stronger at lower temperatures. The obtained R values
were then compared with the corresponding literature
effective temperatures of the calibration stars. To
describe this dependence, we approximated the
relation R(Teff) by an ordinary least-squares fit with
a second-order polynomial,

R=a+bTys+cT;. (D

For each program star, the measured ratio was
converted into Teff by solving the polynomial
relation for the observed value of R.

The polynomial coefficients and their formal
uncertainties were derived from the covariance

matrix of the fit, while the root-mean-square
deviation of the residuals was used to quantify the
scatter of the calibration. A quadratic function was
found to provide an adequate representation of the
observed dependence over the temperature range
covered by the calibration stars and relevant to the
program stars.

For each target spectrum, the equivalent widths
of He I and Mg II were measured, their ratio was
calculated, and the resulting value was used to
estimate Teff from the calibration relation above. In
this way, the He I/Mg II ratio served as a purely
observational temperature diagnostic tied to a set of
standard stars with well-established parameters. Such
an approach is especially useful for constructing a
homogeneous temperature scale for a large sample
when full detailed atmospheric modeling is not the
primary step of the analysis.

As an additional verification of the temperatures
derived from spectroscopy, spectral energy
distributions were constructed for the target
supergiants using photometric data from the
ultraviolet to the mid-infrared. The observational
material was compiled from major all-sky catalogs
and literature sources covering several wavelength
domains. Ultraviolet absolute fluxes were taken from
the TD-1 catalog at 1565, 1965, 2365, and 2740 A [8].
Optical Johnson UBVRI photometry [9] was adopted
from the compiled photoelectric catalog. Stromgren-
Crawford uvby [10] measurements were collected
from the updated mean catalog and the classical
compilation. Near-infrared JHKs photometry was
taken primarily from 2MASS [11]; for the brightest
objects, where saturation could affect the 2MASS
measurements, these data were supplemented by the
Catalog of Infrared Observations. Mid-infrared
photometry in the W1-W4 bands was taken from the
AIIWISE data release [12].

The assembled photometric points were then
compared with theoretical spectral distributions from
the Castelli-Kurucz model atmosphere grid [13]. For
each star, the model parameters were selected so as to
provide the best overall description of the observed
SED. In the present work, this procedure was used not
as a fully independent detailed atmospheric analysis,
but rather as an additional consistency check of the
temperatures inferred from the spectroscopic
calibration. The SED fitting therefore served to verify
whether the continuum energy distribution, from the
ultraviolet to the infrared, was compatible with the
temperature estimates obtained from the He /Mg II
line ratio.
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Table 1. Effective temperatures Teff of the standard stars and equivalent widths of the He I and Mg II
lines employed in deriving the empirical calibration relation.

N Star Sp.Type EW(He I) EW(Mg II) FlEer]f’
1 HD7902 B6 Ib 0.63 0.40 14 100
2 HD36371 B4 1b 0.69 0.37 14 600
3 HD184943 B8 Ia 0.38 0.58 11 900
4 BS7699 B6 Ib 0.58 0.36 14 000
5 BS8020 B8 Ia 0.45 0.47 12 700
6 BS618 Al la 0.12 0.64 9200
7 BS641 A2 Tab 0.09 0.61 8500
8 HD13744 B9 Iab 0.13 0.60 9500
9 HD14433 Alla 0.11 0.64 9150
10 HD14489 Al la 0.15 0.64 9350
11 HD20041 A0 Ia 0.20 0.60 10 000
12 HD21291 B9 Ia 0.28 0.57 10 800
13 HD39970 A0 Ib 0.22 0.58 10 300
14 HD46300 A0 Ib 0.12 0.43 10 000
15 HD186745 B8 Ia 0.47 0.52 12 500
16 BS7573 A2 la 0.11 0.65 9300
17 HD197345 A21a 0.11 0.68 8700
18 HD202850 B9 Iab 0.29 0.60 10 800
19 BS8334 A2 la 0.11 0.64 8 800
20 BS8345 A2 1b 0.10 0.57 9250
21 HD210221 A3 1b 0.11 0.60 8 400
22 HD212593 B9 Iab 0.28 0.50 11 200
23 HD223960 B9 Ia 0.26 0.61 10 700
24 HD195324 A2 Iab 0.10 0.52 9200
25 HD34085 B8 Ia 0.43 0.50 12 100
26 HD87737 A0 Ib 0.14 0.52 9 600
27 HD165784 A2 Tab 0.13 0.73 9 000

Results and discussion

Thus, the empirical calibration equation linking
the spectroscopic index to the effective temperature
has the form (Fig. 1)

R =2.713 - 6.386 X 10™*T,;; +
+ 3.972 x 1078T ;. (2)

The resulting root-mean-square scatter of the
calibration is RMS(4471/4481)=0.033. The root-
mean-square scatter of the calibration was computed
from the residuals between the observed equivalent-
width ratios and the values predicted by the quadratic
fit, as

N
1

RMS = NZ(RL' — R fit)?, 3)
i=1
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where R; is the observed EW(Hel/Mgll) ratio for the
i-th calibration star and R;f;; is the corresponding
value given by the polynomial calibration.

Using the calibration relation given by Equation
(2), effective temperatures were recalculated for
about 140 supergiants selected from [22]. For each
object, Teff was derived from the measured ratio of
the equivalent widths of He I and Mg II using the
empirical polynomial relation obtained from the
calibration stars. The resulting temperatures are
presented in Fig. 2. This procedure provided a
homogeneous temperature scale for the entire sample
within a single calibration framework.

The effective temperatures derived from the
empirical He 1 A4471/Mg 11 A4481 calibration were
compared with literature estimates for a subset of
program stars. The results are presented in Table 2. In
most cases, the temperatures obtained from the
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calibration equation are in satisfactory agreement
with previously published values, confirming that the
adopted line-ratio index provides a reliable
temperature diagnostic over the studied spectral
range. At the same time, some differences are present
for individual objects, which may reflect differences
in observational material, analysis techniques, or the
intrinsic uncertainties of the spectroscopic calibration
and literature determinations.
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Figure 1 — Empirical relation between the
equivalent-width ratio of He 1 A4471 and Mg II
A481 and effective temperature for the calibration
supergiants. Black symbols show the standard stars,
and the red curve gives the quadratic fit used for the
temperature calibration.

T T T T T
-

- .
)
g ]
:u -
:E- 3 P =
=
w
-2 W i
by
3 .d’“‘
1 /&“ 1
e /"‘
m

0_ 1 n 1 1 n 1 1 n 1 b

10000 12000 14000 16000 18000 20000

Teff [K]

Figure 2 — Effective temperatures derived for the
program stars from the empirical He I/Mg 11
calibration. The relation was applied uniformly to
the full sample to place all objects on a
homogeneous spectroscopic temperature scale.

Overall, the comparison shown in Table 2
supports the validity of the derived temperature scale
and demonstrates that the proposed calibration can be
used as a practical tool for homogeneous Teff
estimates of Galactic blue supergiants.

Table 2. Effective temperatures of the program stars derived from the empirical He [ A4471/Mg 11 A4481

calibration, compared with literature estimates.

N Star Sp.Type Teff, [K] Teff (lit) [K] Ref
1 BD+60 2582 B7 lab 12324 + 184 11 900 + 200 [2]

2 HD 5776 A2 Tab 10195 + 207 10 715 [14]
3 HD 161695 A0 Ib 10268 + 206 9950 [15]
4 HD 175687 B9/AOIb 10153 +208 9 400 [16]
5 HD 16778 Alla 9880 + 211 9550 [14]
6 HD 40589 A0 Iab 10841 + 199 11 000 [17]
7 HD 46769 B7 Ib-11 15693 + 156 13920+ 710 [18]
8 HD 67456 A3 Ib/Il 9897 £ 211 9 500 [19]
9 HD 71833 B8 II 12847 + 179 12 985 [20]
10 HD 35600 B9 Ib 11201 + 195 11 000 [21]

The effective temperatures derived from the
spectroscopic calibration were additionally checked
against the observed spectral energy distributions. As
illustrated in Fig. 3 for BS 25914, the model flux
distribution calculated for temperatures in the vicinity
of the spectroscopic estimate provides a satisfactory
match to the observed photometric points over a wide
wavelength range. In the literature, this object is
identified with the B6 Ia/B5 Ia supergiant

BD+56°884, for which the corresponding effective
temperature on the Galactic B-supergiant scale is
about Teff = 13 500-14 000 K [23]. The
agreement between the observed SED and the model
distributions in this temperature interval supports the
consistency of the spectroscopic calibration with the
photometric data.
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T Oich their effective temperatures to be determined in a
oF — Tur=14000K 2 homogeneous way. This approach provides a

— Tur=15000K

consistent temperature scale for objects spanning the
late-B to early-A spectral range and reduces the
dependence on heterogeneous literature estimates.

| An additional verification of the derived
4 temperatures was carried out through comparison
with spectral energy distributions. The agreement

-4~ E(B-V)=0.72 - between the spectroscopic temperatures and the
“ 025 000 025 o050 055 U100 i3S - photometric SED fits confirms the overall reliability
log 4 (m) of the adopted calibration and supports its

applicability to stars of similar spectral types.

Thus, the proposed method can be used as a
practical tool for obtaining uniform temperature
estimates for blue supergiants from spectroscopic
data. At the same time, its accuracy depends on the
quality of the observed spectra, the continuum
normalization, and the applicability range of the
calibration. Further improvement of the method may
be achieved by extending the set of calibration stars
and refining the relation using a broader
spectroscopic sample.

Figure 3 — Observed SED of BS 25914 compared
with reddened model distributions computed for
temperatures close to the spectroscopic estimate.

The agreement supports the consistency of the
adopted temperature calibration with the
photometric data.

Conclusion

In this work, we constructed an empirical
effective-temperature calibration for blue supergiants
based on the equivalent-width ratio of the He I 4471
and Mg II 24481 lines. The calibration was derived
from standard stars with  well-established
atmospheric parameters and approximated by a
second-order polynomial relation.

The resulting calibration was then applied to a
sample of about 140 Galactic supergiants, allowing

Acknowledgments

This research was funded by the Science
Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No.
AP23484898).

Author Contributions

Sh.T. Nurmakhametova: Conceptualization, Methodology, Investigation, Writing — Original Draft;
N.L. Vaidman: Data Curation, Visualization, Writing — Review & Editing; S.A. Khokhlov: Supervision, Funding
Acquisition, Project Administration; A.T. Agishev: Formal Analysis, Writing — Review & Editing.

References

1. E.Verdugo, A. Talavera, and A.I. Gomez de Castro, Understanding A-type supergiants. I. Ultraviolet and visible
spectral atlas of A-type supergiants, Astron. Astrophys. Suppl. Ser. 137, 351-362 (1999).
https://doi.org/10.1051/aas:1999487

2. M. Firnstein and N. Przybilla, Quantitative spectroscopy of Galactic BA-type supergiants. 1. Atmospheric
parameters, Astron. Astrophys. 543, A80 (2012). https://doi.org/10.1051/0004-6361/201219034

3. D. WeBmayer, N. Przybilla, and K. Butler, Quantitative spectroscopy of B-type supergiants, Astron. Astrophys.
668, A92 (2022). https://doi.org/10.1051/0004-6361/202243973

4. A.S. Nodyarov, A.S. Miroshnichenko, S.A. Khokhlov, S.V. Zharikov, Y.S. Kuratov, A. Manset, R.O. Gray, E.
Semkov, N. Carlon, and T. Valchev, Toward Understanding the B[e] Phenomenon. IX. Nature and Binarity of MWC645,
Astrophys. J. 936, 129 (2022). https://doi.org/10.3847/1538-4357/ac87al

5. A.S. Miroshnichenko, S.V. Zharikov, D. Kor¢akova, N. Manset, R. Mennickent, S.A. Khokhlov, S. Danford, A.
Raj, and O.V. Zakhozhay, Binarity among objects with the Be and B[e] phenomena, Contrib. Astron. Obs. Skalnaté Pleso
50(2), 513-517 (2020). https://doi.org/10.31577/caosp.2020.50.2.513

6. Y. Frémat, C. Neiner, A.-M. Hubert, M. Floquet, J. Zorec, E. Janot-Pacheco, and J.R. de Medeiros, Fundamental
parameters of Be stars located in the seismology fields of COROT, Astron. Astrophys. 451, 1053—1063 (2006).
https://doi.org/10.1051/0004-6361:20053305

7. N. Przybilla, K. Butler, S.R. Becker, and R.P. Kudritzki, Quantitative spectroscopy of BA-type supergiants,
Astron. Astrophys. 445, 1099-1126 (20006). https://doi.org/10.1051/0004-6361:20053832

24


https://doi.org/10.1051/aas:1999487
https://doi.org/10.1051/0004-6361/201219034
https://doi.org/10.1051/0004-6361/201219034
https://doi.org/10.1051/0004-6361/202243973
https://doi.org/10.3847/1538-4357/ac87a1
https://doi.org/10.31577/caosp.2020.50.2.513
https://doi.org/10.1051/0004-6361:20053305
https://doi.org/10.1051/0004-6361:20053832

Sh.T. Nurmakhametova et al.

8. G.I. Thompson, K. Nandy, C. Jamar, A. Monfils, L. Houziaux, D.J. Carnochan, and R. Wilson, Catalogue of
stellar ultraviolet fluxes from the TD-1 satellite, ESRO SP-56 (1978).
https://ui.adsabs.harvard.edu/abs/1978csuf.book.....T

9. T. Lanz, Photoelectric photometric catalogue in the Johnson UBVRI system, 4stron. Astrophys. Suppl. Ser. 65,
195-197 (1986). https://ui.adsabs.harvard.edu/abs/1986A%26AS...65..195L

10. E. Paunzen, A new catalogue of Stromgren-Crawford uvbyf photometry, Astron. Astrophys. 580, A23 (2015).
https://doi.org/10.1051/0004-6361/201526653

11. M.F. Skrutskie, R.M. Cutri, R. Stiening, M.D. Weinberg, S. Schneider, J.M. Carpenter, C. Beichman, R. Capps,
T. Chester, J. Elias, et al., The Two Micron All Sky Survey (2MASS), Astron. J. 131, 1163-1183 (2006).
https://doi.org/10.1086/498708

12. E.L. Wright, P.R. M. Eisenhardt, A.K. Mainzer, M.E. Ressler, RM. Cutri, T. Jarrett, J.D. Kirkpatrick, D.
Padgett, R.S. McMillan, M. Skrutskie, et al., The Wide-field Infrared Survey Explorer (WISE): Mission description and
initial on-orbit performance, Astron. J. 140, 1868—1881 (2010). https://doi.org/10.1088/0004-6256/140/6/1868

13. F. Castelli and R.L. Kurucz, New grids of ATLAS9 model atmospheres, in Modelling of Stellar Atmospheres,
Proc. 14U Symp. 210, ed. N. Piskunov, W.W. Weiss, and D.F. Gray, poster A20 (2003).
https://ui.adsabs.harvard.edu/abs/20031AUS..210P.A20C

14. C.D. Garmany, R.E. Stencel, Galactic OB Associations in the Northern Milky Way Galaxy. I. Longitudes 55 to
150, Astronomy & Astrophysics Supplement Series 94, 211-244 (1992).

15. A.J. Cenarro, R.F. Peletier, P. Sanchez-Blazquez et al. Medium-resolution Isaac Newton Telescope library of
empirical spectra — II. The stellar atmospheric parameters, MNRAS 374, 664-690 (2007).

16. K.A. Venn, Atmospheric Parameters and LTE abundances for 22 galactic, A-type supergiants, Astrophysical
Journal Supplement Series. 99, 659-692 (1995).

17. N. Markova, J. Puls, Bright OB stars in the Galaxy. [V. Stellar and wind parameters of early to late B supergiants,
Astronomy & Astrophysics 478, 823-842 (2008).

18.]J. Zorec, L. Cidale, M.L. Arias, et al. Fundamental Parameters of B supergiants from the BCD system. I.
Calibration of the (41, D) parameters into Teff, Astronomy & Astrophysics 501, 297-320 (2009).

19. A. Przybylski, The Analysis of the Small Magellanic Cloud Supergiant HD 7583, MNRAS 159, 155-163 (1972).

20. V. Makaganiuk, O. Kochukhov, N. Piskunov, et al. The search for magnetic fields in mercury-manganese stars,
Astronomy & Astrophysics 525, A97, 275-284 (2011).

21. Yu. Goranova, Ts. Georgiev, L. Iliev, et al. Radial velocoities of B-stars towards the galactic anti-center, Publ.
Astron. Obs. Belgrade 73, 153-157 (2002).

22.N.L. Vaidman, Sh.T. Nurmakhametova, A.B. Umirova, S.A. Khokhlov, A.T. Agishev, and B.S. Yermekbayev,
Evaluating Gaia Astrometric Quality and Distances for Galactic Hot Supergiants, Universe 11(11), 359 (2025).
https://doi.org/10.3390/universel 1110359

23. K. Lefever, C. Aerts, and P. De Cat, Statistical properties of a sample of periodically variable B-type supergiants,
Astron. Astrophys. 463, 1093—1109 (2007). https://doi.org/10.1051/0004-6361:20066038

Information about authors:

Shakhida Nurmakhametova — master student, Fesenkov Astrophysical Institute, Observatory, (Almaty, Kazakhstan,
e-mail: shahidanurmahametova@gmail.com).

Nadezhda Vaidman (corresponding author) — master in Physics and Astronomy, Fesenkov Astrophysical Institute,
Observatory, (Almaty, Kazakhstan, e-mail: nvaldmann@gmail.com).

Serik Khokhlov — PhD, professor of the Department of Electronics and Astrophysics, Fesenkov Astrophysical
Institute, Observatory, (Almaty, Kazakhstan; e-mail: skhokh88@gmail.com).

Aldiyar Agishev — PhD, associate professor of the Department of Electronics and Astrophysics, Faculty of Physics
and  Technology,  Fesenkov  Astrophysical  Institute, ~ Observatory,  (Almaty,  Kazakhstan;  e-mail:
aldivar.agishev@gmail.com).

Aemopnap mypanvt manimem:

Llaxuoa Hypmaxamemosa — macucmpamypa cmyoenmi, Decenkoe amvinoazbl acmpo@hu3uKaibli UHCTUmMym,
obcepsamopus, (Aimamul, Kasaxcman, e-mail: shahidanurmahametova@gmail.com).

Haoescoa Batioman (asmop-xoppecnodenm) — @u3auka dHcane acmponomus mazucmpi, Pecenkod amuvlioagvl
acmpogusuxanelx uncmumym, obcepsamopus, (Arimamel, Kazaxcman, e-mail: nvaldmann@gmail.com).

Cepux Xoxnoe — PhD, asnekmponuxa sicone acmpogusuxa xageopacwiviy npogeccopul, Pecenkosd amuviinoagbl
acmpodguzukanvix uncmumym, oocepeamopusi, (Aimamol, Kazaxcman, e-mail: skhokh88@gmail.com).

Anouap Aeuwes — PhD, snexmponuxa dicone acmpogusuxa xageopacvinvly ooyenmi, Dusuxa-mexHuKaibly
Gaxynomem, Decenkog amviHOAbl ACMPOPUIUKATLIK UHCIMUmMYm, obcepeamopus, (Arimamel, Kaszaxcman; e-mail:
aldivar.agishev@gmail.com).

25


https://ui.adsabs.harvard.edu/abs/1978csuf.book.....T
https://ui.adsabs.harvard.edu/abs/1986A%26AS...65..195L
https://doi.org/10.1051/0004-6361/201526653
https://doi.org/10.1086/498708
https://doi.org/10.1088/0004-6256/140/6/1868
https://ui.adsabs.harvard.edu/abs/2003IAUS..210P.A20C
https://doi.org/10.3390/universe11110359
https://doi.org/10.1051/0004-6361:20066038
mailto:shahidanurmahametova@gmail.com
mailto:nva1dmann@gmail.com
mailto:skhokh88@gmail.com
mailto:aldiyar.agishev@gmail.com
mailto:shahidanurmahametova@gmail.com
mailto:nva1dmann@gmail.com
mailto:skhokh88@gmail.com
mailto:aldiyar.agishev@gmail.com

Effective temperature calibration of galactic BA-type supergiants

Cseoenus 06 asmopax:

Ulaxuoa Tawmaxomedosna Hypmaxamemosa — cmyodenm mazucmpamypul, Acmpogpuzuneckuti uHCmumym umeHu
Decenxosa, obcepeamopus, (Arimamol, Kazaxcman, e-mail: shahidanurmahametova@gmail.com).

Haoeocoa Jleonuodosna Batioman (aemop-koppecnodenm) — mazucmp Qusuku u acmporomuu, Acmpogusuveckuil
uncmumym umenu @ecenxosa, obcepeamopusi, (Armamei, Kazaxcman,; e-mail: nvaldmann@gmail.com).

Cepux Anamonvesuu Xoxnos — PhD, npogeccop ragedpwi snexkmponuxu u acmpogpuszurxu, Acmpogusuuecxuii
uncmumym umenu @ecenxosa, obcepeamopus, (Armamel, Kazaxcman,; e-mail: skhokh88@gmail.com).

Anouap Taneamosuu Aeuwies — PhD, doyenm xaghedpwvl snexmponuku u acmpogusuxu, axyromem Qusuxu u
mexuonoauti, Acmpogusuueckui uncmumym umenu @Decenkosa, obcepsamopus, (Armamvl, Kazaxcman; e-mail:
aldivar.agishev@gmail.com).

Article history: received: 31 March 2026; accepted: 12 May 2026.
Maxkana mapuxer: mycmi: 31 naypuorz 2026, kabwinoanovr.: 12 mamoip 2026.
Hcemopusa cmamou: nocmynuna: 31 mapma 2026, npunsama: 12 mas 2026.

26


mailto:shahidanurmahametova@gmail.com
mailto:nva1dmann@gmail.com
mailto:skhokh88@gmail.com
mailto:aldiyar.agishev@gmail.com


  𝜆


  𝜆


  𝜆


  𝜆


  𝜆


  𝜆


  R =     E W ( H e   I   𝜆   4471 )  E W ( M g   I I   𝜆   4481 )


                      R = a + b     T  e f f + c     T  e f f 2 .                                         ( 1 )


  R = 2 . 713 − 6 . 386 ×  10  − 4   T  e f f + + +   3 . 972 ×  10  − 8   T  e f f 2 .                                         ( 2 )


  R M S =   1  N   ∑  i = 1  N    (   R  i −   R  i , f i t ) 2 ,                                 ( 3 )


    R  i  


    R  i , f i t  

