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ABSTRACT. Eleven lines of promethium Pm Il in the
spectra of the magnetic peculiar A0 V star HD 25354
were analysed thoroughly in order to obtain information
about how the short-lived element lines behave in spectra
acquired on different observation dates. It has turned out
that the intensity variations in time are typical for these
lines with some of them being observed as emissive or
absent at certain time intervals. The obtained list of Pm 1l
lines in the spectra of the magnetic peculiar star HD
25354 has been employed to investigate promethium
abundances in atmospheres of other stars, such as HR 465
(Terr = 111,840 K), HIP 13962 (Ter = 6,250 K) and BL
138 (Terr = 3,939 K). The investigation interval has been
limited to the spectral range of 4000-5800 A and oscilla-
tor strengths within —0.76 < log gf < 0.4.

Keywords:  stars:  abundances —  promethium:
atmospheres — stars: individual (HD25354, HR465,
HIP13962, BL138).

AHOTANIA. HdocmimKyeTbess BMICT pagioaKTHBHOTO
MpoMeTiF0 B arMocepax 3ip B Iiama3oHi e(eKTUBHHX
temnepatyp Bix 12800 mo 4000 K, a came: B aTMocdepax
MarHiTHO-IeKy sipHuX 3ip HD 25354 1 HR 465, nedeinn
HIP 13962, uyepBonoro riranty BL 138, mo HanexuTh
KyJscTii kapiukoBiil ramaktuii ®oprakc. [Tepion miBpo-
3Magy HaiTpuBaiimoro izoromy 17.7 pokiB cepex 24
HecTablIbHUX 130TOIB MPOMETIiI0 — 1ed (GakT NpUBIB 10
yIepeKEHOT0 OCHIKEHHS [[LOTO eJIEMEHTY B CHEKTpax
3ip. 3 TOSIBOIO CHJT OCIMJISITOPIB ISl TIPOMETII0, po3pa-
xoBaaux ®iBeToM Ta iH. B 2007 porri, 3’sIBUIACH MOXKIIN-
BICTH JOCHIIWUTH KIIBKICHO LIEN €JIEMEHT I10 BiJIHOIIEHHIO
JI0 aTOMIB BOJIHIO B arMocdepax 3ip. Ilepmmmu ominmim
Hienscen ta in. (2020) BMicT mpomerito B aTMocdepi
MarditHo-nekyJsipHoi 3opi HR465, sikuii BusBuBCS 10-
CHThb BHCOKMM — Tpoxu MeHue 5 deX. /lana poGota €
MepIIo0  poOOTOI0, KA JIETANBHUM YHMHOM JOCIIIKYE
JiHII TPOMETII0 B CIEKTPaXx 3ip 3 BUKOPHCTAHHIM CHHTE-
THYHOTO CHEKTPY 3ip MiCIs JETaTbHOTO JOCHIIHKEHHS
mapameTpiB ix arMocgep Ta XiMiYHOTO CKJIagy CTaliib-

HUX ejneMeHTiB. JIiHII NpOMeTiI0 PO3MIANaNKuCh JIMII Ti,
sIKi He € OJCHIOBaHUMHU HIIUMU JiHisMH. /11 crioctepe-
JKeHHs JiHIA mpomerito Pmll B cexTpax OimbIn rapsamx
3ip BMICT IIPOMETIIO TIOBHHEH OyTH OLNBIINM, HiXK B CIICK-
Tpax XoyomHux 3ip. Jliama3on BMiCTy mpomertito Bix 6 dex
10 —0,5 dex mpu temmeparypax armocdep 12800 i 4000 K.
ExBiBaJIeHTHI IIMPUHY HE MEpeBULTYI0TH 20 MiJliaHTCTpeM
B crmekTpax 3ip. JlaHa poboTa CTUMYJIIOE TOCIIIKCHHS
CHJI OCLIMJISITOPIB B OUIBII HIMPOKOMY JIialia3oHi CIIEKTPiB
Ta OUIbII HU3bKUX 3HAYCHB.

Kuro4oBi c10Ba: 30pi: KUTBKICTh — IPOMETIH: aTMOchepa
— 3opi: iHgmBimyampHi (HD25354, HR465, HIP13962,
BL138).

1. Introduction

Promethium is the only unstable element among lantha-
nides. The isotope “*Pm is the longest-lived one with a
half-live of only 17.7 years. Like other radioactive elements
with short half-lives, promethium is not an element neces-
sarily observed in stellar atmospheres. An active mecha-
nism of replenishment of this element is a precondition for
its observing in a spectrum, and it is most likely that such a
production mechanism should not be the only one. Scenari-
0s according to which promethium is likely to be produced
in amounts sufficient for its spectral observability were
considered in the study (Tjin et al., 1973), including scenar-
ios of production of this element in the atmosphere of a
binary star with a pulsar companion that emits high-energy
particle fluxes to the target star. This scenario is corroborat-
ed by the case of the Cepheid HIP 13962, a former binary
companion of a pulsar in the system that decayed just 3
million years ago, which is a too short period of time on the
scale of the star’s lifespan. Weak lines of the radioactive
actinium with a short half-life can be observed in the star’s
spectra (Gopka et al., 2022). Identification of promethium
lines in the spectra of HIP 13962 is an important substantia-
tion of such a scenario.
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According to the review of literature made in the study
(Yushchenko et al., 2024), HD 25354 is an X-ray triple
system made of three objects, including an additional 0.7
solar mass tertiary component separated by 2.246 AU with
a period of orbit of 1.5-2 years about the centre of mass of
the system that consists of the main component — HD
25354 — and a 1-2 solar mass invisible secondary compo-
nent separated by 0.3 AU with an orbital period of 26 days.
In this system of the main and secondary components a
scenario of the radioactive enrichment of the HD 25354
atmosphere through the activity of the neutron star is not
ruled out either. It bears reminding that the neutron star
(pulsar) has a mass of about 1.4 solar masses and a diameter
not greater than 30 km, which is in agreement with the
observed characteristics of the invisible component.

This paper vividly demonstrates manifestation of the
short-lived promethium lines in the spectra of HD 25354
obtained on two straight nights in 2006 as compared to the
lines in the spectrum dated 1996 from the ELODIE ar-
chive (http://atlas.obs-hp.fr/elodie/). Each line with the
maximum Pm contribution has been analysed, and the
respective results are illustrated below. It allows us to
avoid misunderstanding when using spectra obtained on
other observation dates, for which the spectral pattern is
different. Let us recall that the spectral lines intensity
variations are typical for HD 25354, which was first re-
ported by Babcock (1958). In order to compare promethi-
um abundances in the atmospheres of cooler stars, we
have considered the late-type red giant BL 138 with an
effective temperature Terr = 3,939 K that is located in the
centre of the Fornax dwarf spheroidal galaxy, which is the
most massive satellite galaxy of the Milky Way at twice
the distance to the Magellanic Clouds.

2. Investigation of the radioactive promethium lines
in the spectra of the atmospheres of HD 25354, HR 465
and BL 138

Promethium lines in the stellar spectra were identified
based on the comparison of the synthetic spectrum with
the observed one, having thoroughly examined parameters
and chemical composition of the respective stellar atmos-
pheres. Having employed the oscillator strengths for pro-
methium lines determined in the study (Fivet et al., 2007),
we identified promethium lines with the maximum contri-
bution. The synthetic spectrum was calculated using the
parameters found in our earlier study from the HD 25354
spectra covering the wavelength range of 4000-5800 A:
the effective temperature Terr = 12,800 K; the surface gravi-
ty log g = 4.0; microturbulent velocity vmi = 0.5 km s, and
chemical abundances as reported (Yushchenko et al.,
2008) in the first approximation. We used the spectra
obtained by Faik Adil oglu Musayev on two straight
nights in 2006 — namely, on the nights of November 28 to
November 29 and that one of November 29 to November
30 — with a 2-meter telescope at the Terskol Peak Obser-
vatory, as well as the ELODIE archive spectra acquired in
1996 at the Haute-Provence Observatory (OHP). Some
lines in the spectra available exhibit profile and intensity
variations even over two straight observation nights.
However, the greatest variations can be observed in the
spectrum obtained at OHP in 1996 that has narrow and

sharp lines. Spectra acquired at the Terskol Peak Observa-
tory in 2006 can be distinguished by their broad lines in
which narrow emission lines of various intensities, some-
times strong ones, appear. The description of the spectral
lines, given earlier in the study (Jaschek&Brandi, 1972)
upon the analysis of two spectrogram plates obtained one
month apart in 1957, has been completely borne out. We
identified 11 absorption lines of promethium in the spectra
of HD 25354 and determined the atmospheric promethium
abundance. The magnetic peculiar star HR 465 (Ter =
11,840 K; log g = 4.3; vmi = 1.66 km s™* as per (Fivet et al.,
2007) and the red giant BL 138 (Terr = 3,939 K; log g =
0.71; Vmi = 2.3 km s, and the metallicity [Fe/H] = —1.01)
were used to make a comparison of the respective prome-
thium abundances with that one in the atmosphere of HD
25354 with Terr = 12,800 K. We used the spectrum of BL
138 obtained by Letarte et al. (2010) with FLAMES mul-
ti-object instrument connected to GIRAFFE spectrograph
with the high-resolution setups at the European Southern
Observatory’s (ESO) Very Large Telescope (VLT). The
observation was performed with a spectral resolving pow-
er R = 30,000 in the wavelength ranges 5339-5608, 6119—
6397 and 6308-6689 A with a signal-to-noise ratio from
30 to 100 at different wavelengths.

Now let us consider fragments of the spectra of HD
25354 and BL 138 in the region of promethium lines. In
this study, we used in-process fragments of spectra from
the URAN software system (Yushchenko, 1998). The
methods and techniques of investigation of promethium
lines in the spectra of HIP 13962 are similar to those em-
ployed in the study of actinium lines (Gopka et al., 2022).

The results of the investigation of promethium lines in
the respective spectra of HD 25354, HR 465, HIP 13962
and BL 138 are given in the Table. The first column pre-
sents the identified wavelengths of the Pm Il lines. The
second column shows the degree of ionization (61.01) of
the lines that have been investigated. The third and fourth
columns give oscillator strengths and energies of lower
levels for each line. Equivalent widths for the observations
from the ELODIE archive and those obtained at the Ter-
skol Peak Observatory are listed in the fifth and sixth
columns, respectively; likewise, promethium abundances
determined from those observations are given in the sev-
enth and eight columns, respectively. The ninth and tenth
columns present the promethium abundance in the atmos-
phere of HD 25354 determined through the synthetic
spectrum technique from the mean of either four or two
observed spectra obtained at the Terskol Peak Observatory
and the percentage of promethium at the corresponding
line wavelength, respectively.

We obtained the following mean promethium abun-
dances: log N(Pm) = 5.80 + 0.15 and log N(Pm) = 5.91 +
0.12 for the observations at OHP and Terskol Peak Obser-
vatory; and log N(Pm) = 5.84 + 0.16 for the observations
at the Terskol Peak Observatory using the synthetic spec-
trum technique. Further, the Table shows the results of
our investigations of the promethium abundance in the
Cepheid HIP 13962 log N(Pm) = —0.37 + 0.15, and the
mean Pm abundance in BL 138 log N(Pm) =-0.54 £ 0.12.

The results of our investigations of promethium in the
atmosphere of HR 465 with the parameters from the ob-
servations at Bohyunsan Optical Astronomy Observatory
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(BOADO) reported in (Fivet et al., 2007): Terr = 11,840 K,
log g = 4.3 and vmi = 1.66 km s, are presented lower in
the Table. The mean promethium abundance is log N(Pm)
=5.05+0.01.

Further, the Table shows the results of our investiga-
tions of the promethium abundance in the Cepheid HIP
13962 log N(Pm) = —0.37 £+ 0.15, and the mean Pm abun-
dance in BL 138 log N(Pm) = —0.54 + 0.12.

3. Conclusions

This paper presents an analysis of the lines of the radi-
oactive short-lived promethium Pm Il whose longest-lived
isotope Pm has a half-life of only 17.7 years. We con-
sider spectra of magnetic peculiar stars HD 25354 and HR
465, the Cepheid HIP 13962, a former binary companion
of a pulsar in the system that decayed just 3 million years
ago, and the late-type red giant BL 138 that along with BL
148 are located in the centre of the Fornax dwarf spheroidal
galaxy, which is the most massive satellite galaxy of the
Milky Way at twice the distance to the Magellanic Clouds.

As expected, promethium lines can be distinguished by
the intensity variations in time. Promethium lines at a wave-
length of 5561.73 A are observed in the spectra within a
broad spectral range with Tesr from 12,800 K to 4.000 K.
Promethium abundances in hotter stars are higher than
those in the atmospheres of late-type stars. If the promethi-

um line identification is only performed based on the
coincidence of the line wavelengths in the stellar spectra
with the laboratory ones, then the number of such lines
beyond the wavelength of 5800 A would be considerably
greater. When determining stellar abundances of prome-
thium, Pm lines beyond the wavelength of 5800 A are not
observed in synthetic spectra, but they can be identified in
actual spectra, which may indicate the necessity to correct
the oscillator strengths used.
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Analysis of the HD 25354 spectral lines at the Pm wavelength of 4137.95 A

Figure 1: A fragment of the HD 25354 spectra obtained at the Terskol Peak Observatory, which are depicted in black
colour. The upper spectrum was obtained on the second observation night — from November 29 to November 30, 2006 —
while the lower one was acquired on the first night — from November 28 to November 29, 2006. The spectrum obtained
at OHP is shown in white colour; in this spectrum, the promethium line is identified at a wavelength of 4137.95 A, and
the lines are sharp. The equivalent width is 16.2 mA, which corresponds to log N(Pm) = 5.69. In the spectra obtained at
the Terskol Peak Observatory there is no Pm line at a wavelength of 4137.95 A. As is seen, compared to the spectra
obtained at the Terskol Peak Observatory, the spectrum from the ELODIE archive has stronger lines of other lantha-
nides, which are represented in the spectra by sharp lines (Ce Il, Gd Il, Dy Il and La II).

For comparison, the promethium abundance in the atmosphere of HR 465 log N(Pm) = 5.0 at a wavelength of
4137.95 A was determined from the spectra at the phase of stronger lanthanide lines with an equivalent width W = 12
mA and the following atmospheric parameters: Terr = 11,840 K; log g = 4.3, and Vmic = 1.66 km s (Fivet, 2007).

The line 4137.95 A was used in the study by (Nielsen et al., 2020) to determine the promethium abundance, which yielded
log N(Pm) < 4.2 and log N(Pm) < 4.9 at ¢ = 0.68 and 0.85 of the spectroscopic period, respectively, over the 21.5-year period.
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Analysis of the HD 25354 spectral lines at the Pm wavelength of 4157.86 A

Figure 2 represents the general appearance of the spectra in the region of the promethium line at 4157.86 A. There
are no absorption lines of promethium in the middle spectrum (obtained at OHP), the lines are sharp. Two lower spectra
of HD 25354 were acquired on the first observation night — from November 28 to November 29, 2006 — at the Terskol
Peak Observatory; they were recorded in the observation log as HD 25354-2181 and HD 25354-2182. Two upper spec-
tra were obtained on the second observation night — from November 29 to November 30, 2006 — at the Terskol Peak
Observatory; they were recorded in the observation log as HD 25253-2191 and HD 25354-2192.

The appearance of the spectra changed within the space of two straight nights: there is a strong emission line in the
first observation at the Terskol Peak Observatory (HD 25354-2181), and then there is an emission line in the second
observation on the first night as well, but it is weaker.

Figure 2a: An in-process fragment of spectra (from the URAN soft system (Yushchenko, 1998) taken when investigat-
ing the Pm line at 4157.86 A in the spectra of HD 25354; it confirms the spectral line description given by (Jaschek &
Brandi, 1972). In the spectrum obtained at OHP, plotted in white colour, the promethium line has not been identified.
Th mean of the spectra obtained at the Terskol Peak Observatory was employed to determine the promethium abun-

dance using a synthetic-spectrum technique.
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Figure 2b: The promethium abundance in the atmosphere of HD 25354 from the spectrum representing the mean of four
observations at the Terskol Peak Observatory was determined through a synthetic-spectrum technique and equal to log
N(Pm) = 5.81 + 0.5. The percentage of promethium at a wavelength of 4157.86 A is 99.8%, with the emission lines
being excluded. The figure shows chemical elements for which the percentage is greater than 50%.
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Analysis of the HD 25354 spectral lines at the Pm wavelength of 4186.03 A

Figure 3a: The observed spectra in the region of the Pm 1l line at 4186.03 A. The spectra are shifted relative to each
other along the Y axis similar to Fig. 1. Narrow emission lines can be observed within the broad lines of the spectra
obtained on the first observation night at the Terskol Peak Observatory. The Pm Il line at 4186.03 A in the spectrum
dated 2005 has an equivalent width W = 17 mA, which corresponds to the Pm abundance log N(Pm) = 5.94 on the hy-
drogen scale log N(H) = 12. In the spectrum obtained on the second observation night at the Terskol Peak Observatory,
recorded in the observation log as HD 25354-2192, which is best approximated by the Gaussian distribution, the prome-
thium line has an equivalent width W = 16.4 mA, which corresponds to the Pm abundance log N(Pm) = 5.91.
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Figure 3b: Using the mean of four HD 25354 spectra obtained at the Terskol Peak Observatory, we determined the
promethium abundance log N(Pm) = 5.76 from the Pm Il line at 4186.03 A with the promethium percentage of 80.4%.
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Analysis of the HD 25354 spectral lines at the Pm wavelength of 4216.31 A

Figure 4: The spectrum obtained at OHP is depicted in white colour; it exhibits sharp and narrow lines. The equivalent
width of the promethium line (A 4216.31 A) is 9.8 mA, which corresponds to the Pm abundance log N(Pm) = 5.60.
From the spectrum obtained during the last observation at the Terskol Peak Observatory, recorded in the observation log
as HD 25354-2192, the equivalent width W = 11.2 mA, which corresponds to log N(Pm) = 5.67.

For comparison, the promethium abundance in the atmosphere of HR 465 log N(Pm) = 5.08 at a wavelength of 4216.31

A (W =4 mA) was determined from the spectra at the phase of stronger lanthanide lines with an equivalent width W = 9
mA and the following atmospheric parameters: Terr = 11,840 K; log g = 4.3, and Vpmic = 1.66 km st (Fivet, 2007).

Analysis of the HD 25354 spectral lines at the Pm wavelength of 4297.78 A

Figure 5a: Using the Pm 11 line at 4297.78 A with an equivalent width of 11.7 mA, we determined the promethium
abundance log N(Pm) = 5.523 on the scale of log N(H) = 12 (from the ELODIE archive spectrum). Stronger lanthanide
lines (Pr III at 4297.50 A; Ce II at 4297.575 A, and Eu II at 4297.647 A) can be observed in the blue wing of the Pm
line in the spectra obtained at the Terskol Peak Observatory over two observation nights. The first observation at the
Terskol Peak Observatory (recorded as HD 25354-2181, the middle spectrum) with the least blended line in the spec-
trum yields W = 20.5 mA, which corresponds to log N(Pm) = 5.91.
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Figure 5b: Factoring in the blended lines of promethium results in an underestimated Pm abundance from the total spectrum.

Analysis of the HD 25354 spectral lines at the Pm wavelength of 4651.93 A

Figure 6: The Pm line at a wavelength A 4297.78 A in the spectrum obtained at OHP has an equivalent width of 5 mA
(the spectrum is depicted as a white line). In the synthetic spectrum, shown in light grey colour, the profile of the Pm
line is almost identical to the observed line profile in the spectrum acquired at OHP. The promethium abundance is log
N(Pm) =6.01.
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Analysis of the HD 25354 and BL 138 spectral lines at the Pm wavelength of 5546.08 A

Figure 7a: The Pm abundance log N(Pm) = 5.80 was determined from the ELODIE archive spectrum using the Pm line
at a wavelength A 5546.08 A with W = 4 mA. When using the spectrum obtained at the Terskol Peak Observatory
without emission lines, the Pm abundance is log N(Pm) = 6.00 with W = 7.3 mA.

Figure 7b: In order to compare the Pm abundance in the atmospheres of late-type stars, we took the Pm line at a wave-
length of 5546.08 A from the spectrum of BL 138 located in the Fornax dwarf spheroidal galaxy; the selected line has
an equivalent width W = 17.2 mA, which corresponds to the Pm abundance log N(Pm) = 0.76 (shown in black colour)
on the hydrogen scale log N(H) = 12. The Pm line in the BL 18 spectrum is blended; this spectrum is depicted in white
colour. We used the spectrum of BL 138 obtained by Letarte et al. (2010) with FLAMES multi-object instrument con-
nected to GIRAFFE spectrograph with the high-resolution setups at the European Southern Observatory’s (ESO) Very
Large Telescope (VLT).
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Analysis of the HD 25354 and BL 138 spectral lines at the Pm wavelength of 5561.73 A

Figure 8a: A comparison between the spectra obtained at the Terskol Peak Observatory (the lower two spectra with
broad lines) and at OHP (the upper spectrum with narrow and sharp lines). The Pm line at a wavelength of 5561.73 A
with an equivalent width W = 5 mA, which corresponds to the Pm abundance log N(Pm) = 5.65, has been identified in
the spectrum obtained at OHP. The non-extended synthetic spectrum is plotted in light grey colour while the ELODIE
archive spectrum is shown in white colour.

For comparison, according to a working hypothesis of Fivet et al. (2007) (Fivet, 2007), the promethium abundance in
the atmosphere of HR 465 log N(Pm) = 5.08 at a wavelength of 5561.73 A with an equivalent width W = 4 mA was
determined from the spectra at the phase of stronger lanthanide lines with the following atmospheric parameters: Tes =
11,840 K; log g = 4.3, and Vmic = 1.66 km s*. The effective temperature Tef is lower than in HD 25354, so is the Pm
abundance on the hydrogen scale log N(H) = 12.

Figure 8b: The Pm line at a wavelength of 5561.73 A with an equivalent width W = 11.9 A, which corresponds to the Pm
abundance log N(Pm) = —0.655 on the hydrogen scale log N(H) = 12, has been identified in the spectrum of BL 138
located in the centre of Fornax dwarf spheroidal galaxy (the line is shown in black colour). The blended Pm line in the BL
148 spectrum, depicted in white colour, is more intense as well. In the BL 148 spectrum, the Pm line at a wavelength of
5556.88 A with an oscillator strength log gf = —0.036 and the energy of a lower level of 1.131 has an equivalent width
W =21.7 mA, which corresponds to the Pm abundance log N(Pm) = —0.16 on the hydrogen scale log N(H) = 12.
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Analysis of the HD 25354 and BL 138 spectral lines at the Pm wavelength of 5576.02 A

Figure 9a: The Pm line at a wavelength of 5576.02 A with an equivalent width W = 10.5 A, which corresponds to the
Pm abundance log N(Pm) = 5.97 has been identified in the spectrum HD 25354-2181 (the lower spectrum depicted in
black colour). In the ELODIE archive spectrum, shown in white colour, the Pm line at a wavelength of 5576.02 A has
an equivalent width W = 10.5 A, which corresponds to the Pm abundance log N(Pm) = 6.05. All three spectra exhibit
strong emission lines. The Pm line identified in the upper spectrum is blended with a relatively greater contribution of
the chromium line.

Analysis of the BL 148 and BL 138 spectral lines at the Pm wavelength of 5576.02 A

Figure 9b: The Pm line at a wavelength of 5576.02 A in the spectra of BL 138 (shown in black colour) and BL 148
(depicted in white colour) exhibits a strong emission pattern.
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Promethium emission lines in the spectra of HD 25354

Figure 10: The line at a wavelength of A 4500.15 A has been identified as a blend of the Pm II at A 4500.15 A with the
line Ni I at 1. 4500.142 A of a very weak intensity given the afore-specified stellar parameters. In the actual spectrum of
HD 25354-2181, one can observe a strong emission line. The second spectrum HD 25354-2182 has a sharp emission
line at A 4500.85 A as well. In the ELODIE archive spectrum (shown as a white line), an emission line can also be ob-
served at A 4502.22 A. The synthetic spectrum lines are weak or practically absent at the wavelengths A 4500.85 A and
L 4502.2 A. Observations performed on the second night at the Terskol Peak Observatory are depicted in dark grey
colour; there are no emission lines in the respective spectra.

Figure 11: Either the absence of any line or wakening of the line intensity can be considered as a superposition of the
absorption and emission lines.
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Table: Investigation of the radioactive promethium lines in stellar spectra

HD 25354: Terr = 12,800 K, log g = 4.15, Vmic=0.23 km s’

Synthetic spectra from
The ELODIE archive The Terskol Peak the mean of the Ter-
Wave Code log of | Eiow spectra Observatory spectra | skol Peako(r?ebsservatory
0,
W(mA) | log N(Pm) | W(mA) | log N(Pm) Nzggm) ,\f()PIcrLg)
4137.95 61.01 0.30 | 0.366 16.2 5.69 — — — -
4157.86 61.01 0.36 | 0.246 - - - - 5.81 99.8
4186.03 61.01 0.00 | 0.182 17.0 5.94 16.4 5.91 5.76 80.4
4216.31 61.01 -0.06 | 0.055 9.8 5.60 11.2 5.67 5.68 96.9
4297.78 61.01 0.08 | 0.000 11.7 5.52 20.0 5.91 5.27 34.0
4615.87 61.01 -0.76 | 0.199 3.4 5.87 4.0 5.94 - -
4651.93 61.01 -0.67 | 0.331 5.0 6.01 - - - -
5546.08 61.01 —-0.26 | 0.760 4.0 5.80 7.3 6.00 - -
5556.88 61.01 -0.03 | 1.131 0.48 5.83 - - - -
5561.73 61.01 -0.04 | 0.873 5.0 5.74 — — — —
5576.02 61.01 -0.17 | 0.661 9.0 5.97 10.5 6.05 6.10 68.1
5.80+0.15 5.91+0.12 5.84 +0.16
HR 465: Terr = 11,840 K, log g = 4.3, Vmic=1.66 km s?
Wave Code log gf | Eiow The Bohyunsan Optical Astronomy Observatory spectra
W(mA) log N(Pm)
4137.95 61.01 0.30 | 0.366 12.0 5.00
4216.31 61.01 -0.06 | 0.055 9.0 5.08
5561.73 61.01 -0.04 | 0.873 4.0 5.08
5.80+0.15
HIP 13962: Tefr = 6,250 K, log g =1.2, Vmic=12.0 kms*
Wave Code log of | Eiow The Bohyunsan Optical Astronomy Observatory spectra
W(mA) log N(Pm)
4137.95 61.01 0.30 | 0.366 12.4 -0.41
4157.86 61.01 0.36 | 0.246 14.5 -.045
4186.03 61.01 0.00 | 0.182 12.2 -0.30
4297.78 61.01 0.08 | 0.00 29.4 -0.16
4216.31 61.01 -0.06 | 0.055 6.9 —0.63
5561.73 61.01 -0.04 | 0.873 3.6 -0.25
—0.37+0.15
BL 138: Terr = 3,939 K, log g =0.71, vmic=2.3 kms?, [Fe/H] =—1.01
Wave Code log gf | Eiow The Bohyunsan Optical Astronomy Observatory spectra
W(mA) log N(Pm)
5546.08 61.01 -0.26 | 0.760 17.2 -0.42
5561.73 61.01 -0.04 | 0.873 11.9 -0.65
5576.02 | Strong
emission
-0.54+£0.12




