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OBSERVATIONAL CAPACITIES OF 1M OPTICAL

TELESCOPE ZEISS-1000 AT SAO RAS

V. V. Komarov a*, V. N. Komarova a, A. S. Moskvitin a,

S. V. Drabek a, E. V. Emelyanov a, V. S. Shergin a

a Special Astrophysical Observatory of Russian Academy of Sciences,

Nizhnij Arkhyz, Karachai-Cherkessian Republic, Russia

The optical telescope of SAO RAS Zeiss-1000 saw its �rst light of about

thirty years ago. Nowadays it is successfully used to solve a wide variety of

astrophysical problems. The main observational programs are photometry of

bright quasars and nearby Seyfert galaxies, studies of X-ray binaries, monitoring

of AGNs, bright supernovae, binary systems, magnetic survey of main sequence

stars, compilation of spectral atlases of bright Ae/Be Herbig stars, studying

variability of magnetic peculiar stars etc. We present a brief historical review

starting at the time the Zeiss-1000 was manufactured and put into operation.

A few words are said about the instruments the telescope was equipped

at the beginning and the enhanced ones. Photometric and spectroscopical

observational methods realized presently are described in detail. Attention

is paid to newly developed devices. When placed in commission they will

provide new observational capacities. To raise e�ectiveness of the Zeiss-1000

operation complex automatization of the telescope control system, update

of main mounting components and the telescope optical system adjustment

were done. There were increased the telescope pointing accuracy and the

tracking quality. The modes of fast-moving celestial bodies' program tracking

and of remote observations were realized. The Zeiss-1000 observational time

is scheduled and awarded by the Time-Allocation Committee for telescope

proposals submitted once a half-year semester.

Keywords: Telescopes � Photometry � Spectroscopy

1. INTRODUCTION

Zeiss-1000 is a meter-class re�ecting telescope with a Ritchey�Chrétien�coudè
optical system. The main advantage of such a scheme is a maximum possi-

* E-mail: komarov@sao.ru
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Fig. 1. Optical layout of a RC telescope with the Cassegrain focus F1 (left) and

the coudè one F2 (right): 1 �primary mirror; 2 � secondary one; 3 � �at mirrors

switching light beam to coudè focus F2

ble versatility at a moderate cost of instrument manufacturing. The Ritchey�
Chrétien (RC) system provides both wide �eld imaging and detailed photometric
and spectral studies of individual objects using small-sized attachable instruments
in Cassegrain focus(Figure1).

The English mounting "EM-2" used is suitable without design changes for
all telescope locations at geographical latitudes between −55 and 55 degrees. In
addition, owing to the symmetry of load distribution elastic deformations on the
angular deviation of the hour axis is negligible. The mounting "EM-2" makes
it possible to redirect light to the coudè focus with two �at mirrors (Figure 1).
The placement of �xed instruments of large size in the coudè focus. expands
the range of possibilities, allowing to equip the telescope with a high-resolution
spectrograph.

Serial production of one-meter optical telescopes was carried out at the Carl
Zeiss JENA Enterprise. Orders were made by various countries: Bulgaria, Hun-
gary, Czechoslovakia, China. The USSR acquired eight telescopes for observa-
tories of Dushanbe, Alma-Ata, Crimea, and Maidanak. One-meter optical tele-
scopes of the Ritchey�Crétien system with the English mount "EM-2" have been
created since 1968. The �rst two telescopes of this series were installed in obser-
vatories of India. The tenth of 11 Zeiss-1000 manufactured was ordered for the
Special astrophysical observatory [1].

After shipping to the location place in 1986 the Zeiss-1000 of the Special
astrophysical observatory was installed in close proximity to the Big Telescope
Alt-azimuthal (BTA). There was an idea to apply the Zeiss-1000 as an auxiliary
tool to test equipments and observational methods for the BTA and conversely
to use in part the instruments and techniques of the BTA. This would make the
observation time allocation more e�cient as pretty lot of observational programs
did not require the BTA facilities.

8
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The telescope Zeiss-1000 saw �rst light in October, 1989. The creation of
stationary equipment and respective observational methods laid the foundation
of running independent scienti�c programs. The main ones were studies of binary
systems, photometry of bright quasars and nearby Seyfert galaxies, monitoring of
AGNs, bright supernovae, x-ray binaries, magnetic survey of main sequence stars,
compilation of spectral atlases of bright Ae/Be Herbig stars, studying variability
of magnetic peculiar stars, etc. Most of them are e�ectively continued at present.

2. INSTRUMENTS IN OPERATION AT ZEISS-1000

For more than a quarter-century history of observations with the telescope
a variety of instruments were used. Three of them are in operation nowadays
being modernized. They are the CCD photometer and the Universal Astronomi-
cal Grating Spectrograph in the Cassegrain focus and the Coudè-Echelle Grating
Spectrometer.

2.1. CCD photometer

A CCD photometer was one of the �rst main instruments at the telescope. It
was designed for direct imaging of astronomical objects both without a �lter, in
white light (3600�10000Å), and in the bands of the Johnson�Cousins system U ,
B, V , Rc, Ic. Presently it is used in monitoring studies of variable objects such
as blazars (see [2]), x-ray sources, LBV-candidates, massive SNe, etc.

Table 1. CCD photometer characteristics

Limiting magnitude

Parameters of EEV 40-42 CCD Band Texp Seeing Mag

Format, px 2048× 2048 U 300s 1.5′′ 20.3

FOV, arcmin 7.3× 7.3 B 300s 2.0′′ 21.0

Scale (w/o binning), ′′/px 0.216 V 300s 1.8′′ 20.3

Gain (low), e−/ADU 2.02 Rc 300s 2.0′′ 20.3

Gain (high), e−/ADU 0.50 Ic 300s 1.6′′ 19.4

Readout noise (normal), e− 3.3 Rc 3h 1.8′′ 22.7

Limiting magnitudes for the detection of faint objects at a 3σ-level and the
parameters of CCD EEV 40-42 are given in Table 1.
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2.2. Coudè-echelle spectrometer CEGS

The Coudè-Echelle Grating Spectrometer1) was designed [3] for high-
resolution spectroscopy, R = 30000, in a wide spectral range of 3600 − 9000 Å.
The spectrometer is equipped with a circular polarization analyzer and replace-
able di�raction echelle gratings providing operation in several observation modes:
of high, medium, moderate and low resolution. Their paramemeters are listed in
Table 2. The instrument is successfully used in monitoring of long-period mag-
netic stars (see, e.g. [4]). The limiting magnitude for an hour exposure in good
weather conditions is about 7m.

Table 2. Parameters of CEGS gratings

Grating Size, mm Blazing angle, deg grooves/mm

G37.5 200× 300 63.5 37.5

G75 200× 300 63.5 75

G600-1 200× 200 24 600

G600-2 200× 200 8 600

2.3. Universal Astronomical Grating Spectrograph

For long slit spectropy of extended astronomical objects with medium spec-
tral resolution in the wavelength range of 360�1000 nanometers the Universal
Astronomical Grating Spectrograph2) (UAGS) is used.

The parameters of the UAGS di�raction gratings are given in Table 3.

Table 3. Parameters of UAGS

Grating grooves/mm Spectral Variance, Spectral

range, Å Å/px resolution, Å

R325 325 3700�7500 2.5 7.5

R400 400 3600�8000 2.1 6.3

R1302 (φ = 43◦10′) 1302 3880�6300 0.5 1.5

R1302 (φ = 53◦) 1302 5750�7050 0.7 2.1

Spectra are recorded using the CCD EEV 42-40 detector (2048 × 2048 px,
13.5× 13.5µm) mounted on the Schmidt�Cassegrain camera (F = 150 mm). The

1) https://www.sao.ru/Doc-k8/Telescopes/small/CEGS/cegs.html (in Russian)
2) https://www.sao.ru/Doc-k8/Telescopes/small/UAGS/
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Fig. 2. CCD images of a comet �eld (unreduced) and satellite tracking (Texp = 1s),

left and right panels correspondingly

spectra are obtained without binning in the `high' and `norm' mode, which cor-
responds to the readout sampling of 0.52e−/ADU, readout noise of about 2e−

and the scale of 1.35′′/px along the slit. For wavelength calibration a He+Ne+Ar
source of line spectrum is used. The main observational programs run with the
instrument are search for magnetic stars, spectroscopy of multiply systems, and
monitoring of AGNs, blazars and various transients (e.g. [5]).

3. ZEISS-1000 MODERNIZATION AND PROSPECTIVES

Since 2013 the automated control system creation with simultaneous upgrade
of the main telescope units has raised Zeiss-1000 to a new standard of observations
[6]. Contrary to a large number of existing projects of automation and roboti-
zation of telescopes, this has ensured integration of all the telescope instruments
with its control system, providing the possibility of remote observations based of
fully automated programs3). Replacement of control systems of telescope axes
drives, main axis sensors, implementation of calculation and tracking algorithms
has yielded a pointing accuracy increase and a signi�cant tracking quality im-
provement, including the possibility of program tracking of fast-moving celestial
bodies (see Figure 2).

In 2015, the telescope optical system was adjusted [7]. Presently it ensures
an image quality of about 0.5′′ at 80 per cent of energy level. This signi�cantly
expands the observational capabilities of the telescope.

3) https://www.sao.ru/hq/vsher/reports/report2014/ (in Russian)
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The Zeiss-1000 observational time is scheduled and awarded by the Time-
Allocation Committee for telescope proposals submitted once a half-year semester.
It is also allocated to observations with "guest" instruments (e.g. MaNGaL [8]).

The Multi-Mode Photometer-Polarimeter (MMPP) has been designed re-
cently [9] to be installed in the Cassegrain focus. It is equipped both with highly
e�ective broadband interferential �lters of the Johnson-Cousins system and medi-
umband �lters centered on the wavelengths of basic emission lines of the objects
under investigation. In the polarimetric mode there is a possibility of linear and
circular polarization studies. MMPP is a modern instrument for a solution of a
wide range of photometric and polarimetric tasks (see e.g. [10]). When placed in
commission it will provide new observational capacities.
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ON SOME STARS PROBABLY HAVING EXTENDED

ATMOSPHERES OR GAS-DUST SHELLS, OR CIRCUMSTELLAR

DISK-LIKE STRUCTURES, ACCORDING TO THE RESULTS OF

HIGH-SPEED PHOTOMETRY OF THEIR LUNAR

OCCULTATIONS

E. M. Trunkovsky*

Shamakhy Astrophysical Observatory named after Nasireddin Tusi of the Azerbaijan National

Academy of Sciences

When the edge of the dark part of the lunar disk covers (occults) one or

another star, at the movement of the Moon relatively stars in the sky, a

di�raction e�ects arise, and as a result one can record a di�raction curve of

stellar occultation. A typical duration of passing of the �rst Fresnel zone over

line of sight of the observer for the light source with a very small angular

diameter (of the order of a few milliarcseconds (mas)) is of the order of 20

milliseconds (ms), therefore for a su�ciently detailed registration of changes

of the light �ux in the di�raction pattern it is necessary to record them

with a time resolution of the order of 1 ms. For that one should have some

modern photometric recorder which allows us to record light �ux from the

investigated star with the mentioned time resolution. If the di�raction curve

of the lunar occultation of a star is recorded then it is possible to do it's

analysis in order to distinguish it from the di�raction curve corresponding

to the occultation of a point-like source, and thus to determine directly the

angular size of the star under study. During more than 35 years a several

tens of occultation di�raction curves of various stars have been recorded with

a time resolution of 1 ms in the Observatories of Sternberg Astronomical

Institute of M.V.Lomonosov Moscow State University. When processing the

data obtained the angular sizes of some stars have been determined directly.

Among the stars studied by the method described, the author discovered

a number of objects that, in all probability, have a complex structure and

include either an extended stellar atmosphere, or a gas-dust envelope, or

a circumstellar disk-like structure. Some examples of such results are presented.

Keywords: Stars - Ultrafast photometry � Lunar occultations of stars � Di�rac-

tion curves � Detailed study of complex objects structure - Personal

*

E-mail: tem@sai.msu.ru
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1. GENERAL PRINCIPLES

When the edge of the dark part of the lunar disk covers (occults) one or an-

other star, at the movement of the Moon relatively stars in the sky, a di�raction

e�ects arise, and as a result one can record a di�raction curve of stellar occul-

tation. Of course, a model of Fresnel di�raction on the in�nite rectilinear edge

of the remote screen is applied. A typical duration of passing of the �rst Fresnel

zone over line of sight of the observer for the light source having a very small

angular diameter (of the order of a few milliarcseconds (mas)) is of the order of

20 milliseconds (ms), therefore for a su�ciently detailed registration of changes

of the light �ux in the di�raction pattern it is necessary to record them with a

time resolution of the order of 1 ms. For that one should have a photoelectric

photometer which allows us to record light �ux from the investigated star with

the mentioned time resolution. If the di�raction curve of the lunar occultation of

a star is recorded then it is possible to do it's analysis in order to distinguish it

from the di�raction curve corresponding to the occultation of a point-like source

(having a zero angular diameter), and thus to determine directly the angular size

of the star under study. In case of a close double star it is also possible to analyze

the recorded occultation di�raction curve and to determine angular sizes of it,

though in this case a model of the occultation process is more complex [2].

2. SOME TYPICAL ASTROPHYSICAL RESULTS OBTAINED FROM

THE ANALYSIS OF THE OCCULTATION DIFFRACTION CURVES

RECORDED IN THE OBSERVATORIES OF STERNBERG

ASTRONOMICAL INSTITUTE

During more than 35 years in the observatories of Sternberg Astronomical

Institute of M.V.Lomonosov Moscow State University several tens of occultation

di�raction curves of various stars have been recorded with a time resolution of

1 ms. When processing the obtained data the angular diameters of some stars

have been determined directly, and in some other cases a close binarity of the

stars under study has been discovered, and the angular distances between their

components and their luminosity ratios have been measured.

Further, we will focus on those cases where the results of processing of the

recorded occultation curves suggest the presence of either extended atmosphere or

gas-dust envelope, or a circumstellar disk-like structure around the studied star.

14
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3. THE CARBON STAR Y TAURI

The occultation di�raction curve of the very interesting carbon star Y Tauri

has been recorded by the author with a time resolution of 1 ms in the �R� spec-

tral band of optical range on February 4, 1982, with the 48-cm telescope-re�ector

AZT-14 of the High-Mountain Tien-Shan' Observatory of Sternberg Astronomical

Institute located near Alma-Ata (Kazakhstan). The results of this observation

have been �rst published in the paper [1]. The �gure below shows the recorded

occultation curve and the optimal model di�raction curve corresponding to the

determined value of the star's angular diameter.

The horizontal axis here presents the time in milliseconds relative to a certain

conditional moment. Vertical axis - signal values proportional to the measured

�ux. Dots - photometer counts corresponding to the accumulation interval of 2 ms

(obtained by adding each two consecutive counts accumulated over 1 ms); solid

line - optimal model curve for the occultation of a single star. The lower part of

the �gure shows the deviations of the counts from the optimal model curve.

15
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In the processing of the photoelectric occultation curve the dependences of u

� the sum of the squared normalized deviations of photoelectric counts from the

model curve - on the angular diameter value d, under di�erent limb-darkening

assumptions have been obtained. The following angular diameter values (in mil-

liseconds of arc) corresponding to the minima of the function u(d) were obtained

from these dependences: d = 5.0 mas for a uniformly illuminated stellar disk,

and d = 5.6 mas for a fully limb-darkened disk. The error of d was estimated

by the value σd ≈ 1.2 mas. This estimate was obtained by constructing �qua-

siobserved� realizations by perturbing the resulting optimal model curve with use

of the data on the observed noise in the recorded occultation area.

The analysis of the available results of direct angular diameter measurements

of this carbon star in di�erent spectral bands of the optical and near-IR spectral

ranges has been carried out in the paper [3]. Currently, the author is aware of

the results of seven (7) direct measurements of the angular diameter of Y Tau ob-

tained from the analysis of photoelectric lunar occultation curves recorded from

May 14, 1975 to February 20, 1994. It should be emphasized that among the

16
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known occultation observations only two were made in the optical range (in the

red part) of the spectrum. All the remaining occultation observations of this star

were conducted in the near-IR spectral range.

The existing picture is generally such that the values d in the near-IR range

are signi�cantly larger than the values obtained in the red region of the optical

range. Therefore, a possible interpretation of the measurement results suggests

that the values of the star's angular diameter d obtained from the observations

in the red part of the optical spectral range correspond to the star's photosphere,

whereas the values d obtained from observations in the near-IR range correspond

to the optically thick radiating layers of its extended atmosphere or envelope.

4. 68 δ3 TAURI = HR 1389

This is the case when a visual inspection of an occultation curve reveals no ob-

vious indications of binarity, however the di�raction curve analysis disagrees with

the indirect estimates of a star's angular size. Such discrepancies could be due

to a previously unknown binary or multiple nature of the star, or the presence of

circumstellar matter (extended envelope or atmosphere, disk-like structure, etc.)

around the primary component. In the given case, the analysis of the lunar oc-

cultation curve using a single-star occultation model results in angular diameters

far in excess of any reasonable indirect diameter estimates for a star of the given

spectral type and corresponding luminosity, though the agreement of the model

curve with the photometric data is fairly good.

In the next �gure the di�raction occultation curve of 68 δ3 Tauri = HR

1389 obtained by the author on March 2, 1982 at 14h46m29s UT in the B band

(λ0 ≈ 0.44µm) at the Tian-Shan' High-Altitude Observatory with the 48-cm re-

�ector is presented. The points are light-�ux measurements (photometer counts

for 2 ms intervals); the solid curve is the best-�t model di�raction curve for the

occultation of a single star. The horizontal axis plots the time from an arbitrary

zero point (in milliseconds); the vertical axes of the upper and lower panels plot

the light �ux (2-ms counts) and the deviations of the counts from the best-�t

model di�raction curve (2-ms counts). The star's magnitude is V= 4.29 and its

spectral type is A2 IV; it is a visual triple star (ADS 3206), with the angular

separation of the two brightest components, A and B, being 1.6", with a magni-

tude di�erence of 3m.7. The third component C is at an angular distance of 77"

from the component A, and its magnitude is ∼ 11m. 68 δ3 Tauri is also known as

variable V776 Tau.

The occultation curve presented here corresponds to the primary compo-

nent A; its angular diameter d was estimated using several indirect methods as

0.0006", 0.00046", or smaller. The primary A was itself long known as a spec-

17
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troscopic binary with a period of 57.2d; however, some spectroscopic observations

obtained in the 1990s did not con�rm its binary nature. Thus, information about

the structure of the primary is somewhat contradictory.

From analysis of the similar manner as in the case of Y Tau where we assume

�tting a best-�t di�raction curve for the occultation of a single star we have ob-

tained the following angular diameter values for the component A of 68 δ3 Tauri:

d = 0.00182" (for a uniformly illuminated stellar disk, with the limb-darkening

coe�cient µ = 0) or d = 0.00204" (for a stellar disk with full limb darkening, µ

= 1).

The relative rms deviation of the photometer counts from the best-�t model

curve is fairly small (compared to many similar occultation light curves), approx-

imately 3.2% (which is corresponding to a signal-to-noise ratio S/N ∼ 30), so the

quality of the curve is fairly high, and our results are reasonably reliable. As it

follows from our numerical simulations the possible uncertainty in the measured

diameter d due to the in�uence of stochastic noise present during the observations

should not be much larger than 0.001"; and for the noise level in our particular
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case, this is within 0.0007".

Thus, the value of d derived from our occultation observation is much larger

than reasonable diameter estimates for the primary, and can be considered as a

kind of e�ective size of the object, which possibly has a complex structure. This

could mean that the primary of 68 δ3 Tau is actually a very close binary or mul-

tiple system, especially if we take into account the indications of close binarity

noted above. On the other hand, since information on the primary's binarity is

somewhat contradictory, the presence of an extended envelope or some kind of

a disk-like structure around the primary star is also possible. In principle, the

presence of exoplanets in a hypothetical circumstellar disk is not ruled out. The

angular diameter of the radiating region determined from our occultation obser-

vation corresponds to a linear size (projected on the plane of the sky) of about

0.1 AU.

5. CONCLUSIONS.

From the material presented above we can see that photoelectric observations

of the lunar occultations of stars with a high time resolution allow us to reach a

very high angular resolution of the order of 1 milliarcsecond, and on this basis

to measure directly the angular sizes of various stars and to study in detail their

structure. This, of course, gives a possibility to obtain very valuable and unique

information for stellar astrophysics and physics in general.
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O. Tsiopa a, A. Batrakov b, A. Kholtygin b*, S. Hubrig c, S. Fabrika d,

A. Kostenkov d, A. Valeev d

a Main (Pulkovo) Astronomical Observatory, Russia

b Saint-Petersburg University, Russia

c Leibniz-Institut für Astrophysik, Potsdam, Germany

d SAO RAN, Russia

The results of our search for the fast line pro�le variations (LPVs) in spectra
of selected OBA stars presented. The regular variations of the line pro�les
with periods ranging from several hours to days in spectra of OBA stars are
well known. Our recent observations of the A0 supergiant HD 92207 using
FOcal reducer low dispersion spectrographs FORS 2 in spectropolarimetric
mode mounted on the 8-m telescopes of the VLT showed moderate line pro�le
variations of various lines on a time-scale of minutes or maybe even of a
fraction of a minute. This �nding triggers our program of looking for the short
time-scale LPVs in spectra of early-type stars. Such LPVs were detected in
our spectral time series for HD 93521 (O9.5III), rho Leo (B1Iab), α2 CVn,
and other stars obtained with the multi-mode focal reducer SCORPIO at
the 6-meter telescope (Northern Caucasus, Russia). Both regular LPVs with
periods from 1 to 90 minutes and non-regular LPVs with amplitudes of 1-2%
of the continuum level are detected. The presence of such short-term spectral
variability in spectra of massive OBA stars, which are suggested to be the
progenitors of Type II supernova, was not studied systematically in the past
and can be critical for the current theoretical understanding of the supernova
physics and for the stellar evolution modeling.
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1. INTRODUCTION

Houtgast [7] �rstly argued that line pro�les in the solar spectra are variable

and depend on the location on studied region of the solar disks. Later, nearly 50

years ago line pro�le variations (LPVs) in the stellar spectra were detected [4].

50 years of LPV's investigations showed that the main causes of them are the ro-

tational modulations and non-radial pulsations (NRPs). The typical time scales

of LPVs in spectra of OBA stars vary from days to hours (see, for example, pa-

pers [5, 11]).

For example, for bright A0 supergiant HD 92207 Kaufer et al. [12] detected the

NRPs with period of 27 days. No shorter periods were revealed. Searching fast

and super-fast LPVs appeared to be far from the scienti�c interest. Nevertheless,

recently the short time-scale line pro�le changes in the spectra of HD 92207 were

discovered by Hubrig et al. [9].

These authors detected the clearly visible LPVs for di�erent elements in indi-

vidual subexposures up to 3% in intensities and up to 30 km/s in radial velocities.

Such short-term variations were not known before for non-radially pulsating su-

pergiants. To test whether short-periodic spectral variations are typical or not

among all OBA stars, we start the investigations of the LPVs for selected OBA

stars with the multi-mode focal reducer SCORPIO at the 6-meter BTA telescope

and spectropolarimeter FORS2 at the 8-meter VLT (Antu) telescope in ESO.

In the present paper we describe our program of the fast LPVs studies and

review the results of our investigations of the fast LPVs in spectra of selected

OBA stars at the moment. The program itself and suitable targets are presented

in section 2. In section 3 it is formulated what kinds of telescopes and spectro-

graph can be used to reach the necessary quality of spectra. The results of our

observations are given in section 4. Parameters of super-fast LPVs for observed

targets are discussed in section 5. Some conclusions are given in section 6.

2. THE PROGRAM AND TARGETS

The goal of the program is to study the super-fast variations of line pro�les in

spectra of OBA stars at second and minute time scales and to develop the mod-

els explaining such variations. We also plan to investigate how the parameters

of the super-fast LPVs depend on the spectral type, rotation velocity, chemical

abundances, and other parameters of the stars.

The list of program stars includes all bright stars for which we are able to get

high temporal resolution and to provide the signal to noise ratio S/N ≥ 1000.

The list of targets contains all bright OBA stars with V≤ 4m. A catalog of bright

stars [3] will be used as a source for selecting the targets. It means that the sam-
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ple of OBA stars will be complete up to this magnitude. The list of more weak

targets with V> 4m will predominantly include the massive OB stars.

3. TELESCOPES AND INSTRUMENTS WHICH ARE NEEDED TO

REVEAL THE FAST LPVS

Super-fast variability of line pro�les in spectra of OBA stars on minute and

second time scales can be detected for such parameters of observations only:{
∆T < 30 s,

S/N ≥ 1000.
(1)

Here ∆T is the time interval between successive observations. Usually ∆T is a

sum of exposure and CCD matrix reading time. The selection of telescopes and

spectrographs have to be made to provide such parameters of observations as

those given in Eq. 1.

This means that the diameters of the telescopes used for observations must

be in the any case greater than 1 meter. To provide the ratio S/N ≥ 1000 it is

necessary to use spectrographs with low resolving power R ∼ 1000/2000. Higher

spectral resolution can be only used for very large telescopes with the diameter

D > 5 meter.

4. RESULTS OF OBSERVATIONS

4.1. List of targets

So far, we obtained spectra of 6 OBA stars with high time resolution. Next

instruments were used to search the fast LPV:

1. ESO, 8-m telescope VLT with spectropolarimeter FORS2. Standard resolv-

ing power is R = 2000. Typical S/N ratio is 1000-3000.

2. Special Astrophysical Observatory (SAO, Russia), 6-m telescope with spec-

trograph SCORPIO and resolving power R = 2000. Typical S/N ratio is

∼ 2000.

Parameters of our observations can be found in Table 1. The object names are

given in 1st column. Spectral types and visual magnitudes are presented in tables

2-3. In columns 4th and 5the we marked the total number of spectra for each

star and the exposure time. Dates of observations are given in the last column.

The star λ Eri from our list can be observed both in ESO and in SAO as it can

be clearly seen from the �nding cart in Fig. 1. We plan to organise such multisite

observations in a future.
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Fig. 1. Constellation Eridanus. The location of λEri is marked with red circle.

Table 1. Stars observed to detect the fast LPVs.
Star Sp.Type V Nsp Exp (s) Date obs.

6-m telescope, SCORPIO

HD93521 O9Vp 7.06 529 3 19-20.01.2015

ρLeo B1 Iab 3.871271 1 19-21.01.2015

α2 CVn A0spe 2.90 387 1 21-22.01.2015

γ UMi A2III 3.00 249 11 07.01.2017

VLT, FORS2

HD92207 A0Ia 5.45 32 ∼ 60 2011-2012

λ Eri B2III(e)p4.02 155 ∼ 3 2006-2007, 2016

4.2. Regular LPVs

We detect the regular components of LPVs with periods from 1 to 90 minutes

for all studied stars excluding HD 922207. Full time of observation for this star

was too small to be sure that detected by us LPVs are periodic.

For fast rotating O9.5III star HD 93521 the regular variations of H and He

line pro�les with periods 4-5 and 32-36 minutes were discovered (see Figs 1-3 in

paper [15]). Kholtygin et al. [15] argued that the fast LPVs in spectra of HD 93521
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can be connected with the high mode of Non-Radial Pulsations (NRPs). Periods

of regular line pro�le variations depends on the pulsation mode. It is probable that

detected LPVs are connected with p modes of NRP with values of l ∼ 50 − 200.

Such high NRP modes are well known in the solar 5-minutes oscillations (see, for

example, the paper [20].

Investigation of the super-fast variability of line pro�les in spectra of the slowly

rotating BIa supergiant ρ Leo by Kholtygin et al. [1, 16] showed the presence of

the regular short-period variations of the H and He line pro�les with periods rang-

ing from 2 to 90 minutes. Using the window Fourier transform we were able to

reveal the presence of short-period regular components of the LPVs with periods

from 1 to 5 minutes and a slightly varying frequency, up to 20% per 2 hours. Such

quasi-regular components with variable periods have not been detected previously

and their nature remains unclear. The authors also revealed the irregular LPVs

in spectra of ρ Leo discussed in the next subsection.

The LPVs in spectra of the magnetic standard α2CVn were investigated

by Kholtygin et al. [17]. The regular short-time variability in spectra of this

star was not studied earlier. We discovered 3 regular components in the LPVs

with periods P1 = 50.4 ± 3.6min, P2 = 31.4 ± 2.2min, and P1 = 17.3 ± 0.4min.

Studying the LPVs in spectra of δ Sct variable γ UMi revealed the regular

components with periods P from 9 to 65 minutes (see Fig. 2). The components

with shorter periods can be harmonics of the main periodic component with a

period P = 64.9 ± 6.6min.
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Fig. 2. Left panel: Hγ LPVs in spectra of γ UMi, Right panel: Fourier spectra
of Hγ LPVs in spectra of this star.

Super-fast line pro�le variations in spectra of well-known non-radially-

pulsating single bright Be star λEri were investigated by Hubrig et al. [10]. The

LPVs with periods from 3 to 40 minutes were detected. A search for periodicity

in the time series from 2006 to 2016 indicates the potential presence of a magnetic

24



AJAz: 2020, 15(1), 20-28 Superfast LPV variations

�eld variations with a period of ∼ 13.7min, which possibly indicates the presence

of the small-scale local magnetic �elds on the stellar surface.

4.3. Irregular LPVs

Fig. 3. Clumped wind structure.

We suppose that there can be irregular spectral variations connected with

the cooling the hot plasma heated by shocks in the wind. Characteristic vari-

ability time for irregular variability can be estimated from plasma cooling time

and plasma recombination time. These values for hot plasma in the clumped

stellar wind (see Fig. 3) vary from ∼ 3 − 6 seconds to ∼ 5 minutes [13]. The

typical amplitude of the variability is ∼ 10−2�10−3 s of the �ux in the adjacent

continuum.

Kholtygin et al. [16] reported that Hβ line pro�les in spectra of ρ Leo ob-

tained after 1332 and 1338 seconds from the start of observations (shown with

dashed-and-dotted curves in the paper Fig. 2 in [16]) are 2-4% higher (in units

of the continuum �ux) than the rest of the line pro�les. The same �ux excess is

detected for other line pro�les in spectra of ρ Leo as it can be seen in Fig. 4.

5. PARAMETERS OF SUPER-FAST LPVS

We detect the LPVs in spectra of all studied stars. In Table 2 the global

parameters of line pro�le variations in spectra of these stars are listed.

Star names are given in the 1st column of Table 2. In the 2nd column the

characteristic times of fast LPV are written. In the 3rd column we put the charac-

ter times of the regular LPVs. In the column 4 the rms magnetic �elds of studied

stars calculated accordingly the formula by Borra et al. [2] are given The mag-

netic �eld measurements are taken from the references given in the column 5. The

connection of detected LPVs with possible magnetic �eld of the star is now under
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Fig. 4. Overplotted line pro�les for all 1271 spectra of ρ Leo in the region
λλ4621 − 4675Å. The thick red curves show the line pro�les obtained after 1332s

and 1338s from the start of the observations.

Table 2. Parameters of LPVs in spectra of program stars.
Char

Star LPV time LPV type B, G References

HD93521 2-5 min Regular ∼130 [8]

ρLeo 1-90 min Regular+ ∼50 [14]

irregular ∼50
α2 CVn 18-135 minRegular ∼1100 [18]

γ UMi 10-65 min Regular non detected [19]

HD92207 2-3 min probably regular ∼225 [9]

λ Eri 3-40 min Regular ∼150 [10]

question. Many authors pointed out the regular variability of the line pro�les can

be an indicator of the stellar magnetic �eld. All studied by us stars excluding

γ UMi appeared to be magnetic. Resuming we can preliminarily conclude that

the fast line pro�le variability in spectra of OBA stars may be related with their

magnetic �elds.

6. CONCLUSIONS

Our study allowed us to make the following conclusions:

� VLT, FORS2 and 6-m telescope BTA, SCORPIO observations show the

presence of short-period LPV not known previously for OBA stars.
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� Fast variations in the pro�les in the spectra of HD 93521, λ Eri, ρ Leo,

γUMi, and α2 CVn are probably associated with high modes of NRP.

� There is evidence that fast irregular LPVs can occur among OBA stars.
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Di�erent methods of fundamental parameters determinations � e�ective tem-

perature (Teff), surface gravity (log g), metallicity ([M/H]), radius R/R�, mass

M/M�, luminosity � for B to K stars are brie�y described. They include both

`model-independent' methods such as total �ux measurements + interferom-

etry; asteroseismology (Teff , R/R�, log g, M/M�); and `model-dependent'

methods. The latter methods are based on the modelling of di�erent observ-

ables such as photometric indexes, stellar spectra, stellar �ux ( Infra Red Flux

method - IRFM).

A special attention is paid to spectroscopic methods. The �rst one is based

on equivalent width measurements and excitation/ionization equilibrium. The

second method is `Spectroscopy Made Easy' (SME) package which �ts the

calculated spectrum to the observed one varying the global stellar parameters

(Teff , log g, [M/H] ) and parameters de�ning spectral line shape (ξt, microtur-

bulent and macroturbulent velocities). Although SME originally was developed

for massive parameter determinations in F-G-K stars hosting planets, it is suc-

cessfully working for B and A stars, in particular SME version that includes

NLTE analysis.

Keywords: fundamental parameters � stars � photometry � interferometry �

asteroseismology � spectroscopy

1. INTRODUCTION

Determination of fundamental stellar parameters is one of the most impor-

tant tasks in astronomy. The accurate parameters and atmospheric abundances

together with the star positions and kinematic properties allow us to constrain

Galactic stellar populations and chemical evolution. I present a short review of the

modern methods of stellar fundamental parameters determinations. These meth-

ods are either 'direct' � interferometry, asteroseismology, or 'model-dependent'

such as photometry and spectroscopy.

* E-mail: ryabchik@inasan.ru
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2. INTERFEROMENTRY

Stellar e�ective temperature Teff may be derived from the Stefan-Boltzmann

low: Teff =
(

4fbol
σθ2LD

)1/4
, if one knows the bolometric �ux and stellar angular diam-

eter. The modern observational interferometric technique allows us to measure

angular diameters of relatively bright stars [2, 3] with an accuracy of 3% and

better. Linear diameters are estimated using known stellar parallaxes taken from

Gaia DR2 catalogue [4], for example. The uncertainty of the linear radii is 3 �

5%. Bolometric �ux is derived by the integration of the observed photometric

data calibrated in absolute units (see Fig. 1, taken from [3]).

Fig. 1. Photometric energy distribution of four stars. Squares represent the photo-

metric points and the grey curve represents the �tted spectrum. Copy of Fig.1 from

[3].

Interferometry gives us direct stellar radii, e�ective temperatures and lumi-

nosities, although some modelling of the limb-darkening is applied. Stellar masses

then are estimated from the evolutionary tracks, and surface gravites are derived

from model-dependent masses and direct radii: g/g� = M/M�(R/R�)−2. A

comparison of angular diameters derived with the di�erent instruments shows an

agreement within 10% (see Fig.3 in [3]).

3. ASTEROSEISMOLOGY

Observations of the solar-like stellar pulsations privide a unique possibility

for accurate mass, radius and surface gravity determinations. A short theory de-
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scription is given in [5] and schematically represented in Fig. 2, which is taken

from [5]. Large frequency separation between modes of the same angular degree

` and consecutive radial orders n, n+ 1 is proportional to stellar mass and radius:

∆ν0 ∝M1/2R−3/2. This relation is valid for the Sun and stars with the solar-like

oscillations. The second relation connects the frequency of the maximum power

spectrum with the stellar fundamental parameters: νmax ∝ MR−2T
−1/2
eff . Scaled

to the solar values these two relations allow us to derive stellar mass and radius

from the observed ∆ν0 and νmax if we know stellar e�ective temperature (direct

method):

M

M�
≈

(
νmax
νmax,�

)3 ( ∆ν0

∆ν0,�

)−4 ( Teff

Teff,�

)3/2

(1)

R

R�
≈

(
νmax
νmax,�

)(
∆ν0

∆ν0,�

)−2 ( Teff

Teff,�

)1/2

(2)

One also may include models of stellar evolution for the masses and radii es-

timates calculating a grid of evolutionary tracks in a range of metallicities. The

resulting mass and radius are derived from the best-�tting model for the observed

∆ν0, νmax and known Teff , and [M/H]. This method is called as grid-based method

(see [7] and references therein), which is not direct but assumes modelling.

Fig. 2. Schematic diagram of the power spectrum of solar oscillations. Each peak

corresponds to an oscillation mode: solid peaks are ` = 0 modes and dashed peaks

are ` = 1. Copy of Fig.4 from [5].

Huber et al. [6] performed fundamental parameters determinations for 10 stars

using simultaneously interferometric and asteroseismic observations provided by

space missions Kepler or CoRoT. The authors provided detailed description of
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the methods, performed a careful analysis of the possible errors and made com-

parisons between the parameters derived by di�erent methods. They found that

asteroseismic radii are accurate to 4%. A comparison between asteroseismic and

interferometric radii is shown in Fig.7 of [6], which is reproduced in Fig. 3. Other

comparisons will be mentioned later.

Fig. 3. Comparison of stellar radii measured using interferometry (PAVO) and calcu-

lated using asteroseismic scaling relations. Black diamonds show Kepler and CoRoT

sample, and red asterisks show several bright stars as indicated in the plot for com-

parison. The dashed line marks the 1:1 relation. Copy of Fig.7 from [6]. See details

in [6].

4. PHOTOMETRY

Now I brie�y describe fundamental parameters determinations based on the

photometric observations.

4.1. Infrared Flux Method (IRFM)

This method was proposed by [8] �rst to derive stellar radii. The main idea is

that stellar angular diameter is de�ned by the ratio of the �ux measured at the
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top of Earth's atmosphere fbol to the �ux emitted from the stellar surface Fbol,

and this relation is valid for the bolometric �uxes and for any monochromatic �ux

(infrared, for example):

θ2
LD = 4fbol/Fbol = 4fλ/Fλ (3)

While Fbol = σT 4
eff , we have a relation for Teff :

Teff =

(
4
fbol

σ

FIR

fIR

)1/4

(4)

Surface infrared monochromatic �ux FIR is chosen because for stars hotter

than 4000 K it is dominated by the continuum opacities, which are rather well

known, and it depends linearly on Teff (Rayleigh�Jeans region). Hence, this

�ux is easily calculated from the model atmosphere. The bolometric �ux fbol

is derived from the multi-band photometry taking into account the bolometric

correction (see Fig 1). The IR �ux fIR is usually derived from JHKS magni-

tudes. Iterative procedure is used to determine Teff because of the mild depen-

dence of the bolometric corrections and IR �uxes on atmospheric model. After

Teff determination it is easy to derive stellar angular diameter and linear radius

for the stars with known parallaxes. R/R� determinations. The homogeneous

Teff scale was obtained for more that 1000 dwarf and giant stars in the wide

range of parameters: 3600≤Teff≤8000 K and −4.0 ≤ [Fe/H] ≤ +0.5 ( [9] and

references therein). Based on these determinations Ramírez & Meléndez [10] pro-

vided metallicity-dependent temperature versus color calibrations. Calibration

coe�cients for seventeen colors in the photometric systems UBV, uvby, Vilnius,

Geneva, RI(Cousins), DDO, Hipparcos-Tycho, and Two Micron All Sky Survey

(2MASS) were derived which �t the IFRM Teff with standard deviations from

30 to 120 K. Fig. 4 shows a comparison between angular diameters and e�ective

temperatures derived by direct methods (interferometry) and by IRFM. These

plots are taken from [9] (Figs.14,16).

No systematic shifts are noticeable. Angular diameters derived by two meth-

ods agree to better than 0.2 mas on average; e�ective temperatures agree within

70 K with the small shift of 18 K.

5. SPECTROSCOPY

Determination of the stellar atmosphere parameters by means of spectroscopy

is based on the selective sensitivity of the line intensities and the line pro�les to

the variations of the atmospheric parameters: Teff , log g, element abundance εel,

and microturbulent velocity ξt.
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Fig. 4. Comparison of stellar angular diameters (left panel) and Teff (riht panel)

measured using interferometry (θLD, Teff (dir)) and by IRFM (θIRFM, Teff (IRFM)).

Copy of Figs.14,16 from [9]. See details in [9].

5.1. Equivalent widths method

The eqiuvalent width (EqW) method is based on the EqW measurements of

well-de�ned absorption lines. Usually, the lines of Fe I and Fe II are used be-

cause the stellar line spectrum consists of the numerous lines of this element with

accurate atomic parameters for many of them. If one has a model atmosphere

then it is easy to calculate theoretical line EqW and deduce the individual line

abundances The �nal atmospheric parameters are derived by removing any de-

pendance of individual line abundances on the excitation energy E.P. (excitation

balance � Teff indicator), on the line equivalent width (ξt indicator), and on the

equal mean abundances for Fe I/Fe II lines (ionization balance � surface gravity

indicator).

where

These three equilibrium conditions are solved simultaneously to derive the stel-

lar atmospheric parameters: e�ective temperature (Teff), surface gravity (log g),

microturbulent velocity (ξt), and the iron abundance ([Fe/H]). A good description

of EqW method is given in [11] and is illustrated here by plots taken from this

article (Fig. 5).

EqW method has been successfully applied to study large samples of F, G,

and K solar type stars (see, for example [12,13] � 1033 stars).
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Fig. 5. Abundance of Fe I as a function of excitation potential (E.P.) and reduced

equivalent width (R.W.) for the �nal stellar parameters of the solar-type star HD 1461

[11].

5.2. Spectrum �tting

The EqW method is mostly based on the lines of Fe I and Fe II because

they compose the largest part of the lines with the accurate atomic parameters

observed in stellar spectra. However, in hot stars Fe I lines disappeared from

stellar spectra, while atomic parameters for higher ionization lines are not enough

accurate and may produce large errors in atmospheric parameters determinations.

'Spectroscopy Made Easy' (SME) program package, developed by [14, 15] al-

lows us to determine automatically the atmospheric parameters Teff , log g, average

metallicity [M/H], and also parameters of atmospheric velocity �elds (ve sin i, ξt,

Vmacro) by �tting the synthetic spectrum to the high-resolution, high signal-to-

noise ratio stellar spectrum. SME solver consists of the IDL routines for preparing

spectral synthesis and performing optimization, and external library for synthetic

spectrum calculations. The external library (synth code) is written in C++ and

Fortran. SME spectral synthesis consists of molecular and ionization equilibrium

solver EOS, continuous opacity package CONTOP, line opacity package LINEOP

and radiative transfer solver RTINT.

SME is working with the observations in ascii or �ts formats. The format of the

input linelist is the output format of VALD 'Extract Stellar' request ( [16]). SME

has model libraries of Kurucz' (1993) models [17], the latest version of MARCS

models [18] and LLmodels set of models [19]. While in EqW method the lines of
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Fe I and Fe II are mostly utilized, many spectral lines of di�erent elements in �rst

three ionization states are used simulteneously for parameters determination in

SME. Current versions of SME include NLTE departure coe�cients for MARCS

and LLmodels sets [15, 20].

The user constructs spectral mask where lines/regions for �tting procedure

are marked. An example of SME mask is given in Fig. 6.

Fig. 6. An example of spectral mask in solar-type star HD 107211 for SME analysis.

Observations are shown by black line, synthetic spectrum calculations are shown by

blue line. The spectral regions participated in �tting are marked by yellow colour,

those omitted from �tting are marked by white.

First, the user derives the global parameters. Once �xing atmospheric pa-

rameters: Teff , log g, average metallicity [M/H], ve sin i, ξt, Vmacro, SME allows to

perform a full abundance analysis.

SME was applied to parameter determination of 1617 planet-search FGK stars

[21]. There are 98 common stars analysed by EqW ( [12,13]) and SME methods.

Comparison of the parameters derived by two spectroscopic methods, ionization

equilibrium (EqW) and SME, is shown in Fig. 7 (top panels), while on the bottom

panels a comparison between the parameters derived by SME and asteroseismol-

ogy methods is displayed.

There is an evident trend for SME results to produce slightly higher Teff and

log g, for stars hotter than 5500�6000 K. However, we may conclude that stel-
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Fig. 7. Comparison of the Teff and log g derived by ionization equilibrium (EqW) and

pro�le �tting (SME) spectroscopic methods (top panels). The same is for comparison

between SME and asteroseismology methods (bottom panels).

lar parameters Teff and log g derived by di�erent spectroscopic methods and by

asteroseismology agree within 100 K and 0.1 dex.

6. CONCLUSION

Di�erent methods of stellar fundamental parameters determination are con-

sidered. Comparison between these methods allow us to conclude that stellar

angular diameters (linear radii) may be derived with the uncertainty better than

7%. E�ective temperatures Teff and surface gravities determinations agree within

100 K and 0.1 dex, respectively. These limits exceed the uncertainty estimates

cited in di�erent analyses of large star samples.

The current work was performed with the partial �nancial support from the

Presidium RAS program KP19-270.
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Determination of the fundamental parameters of stars is one of the main tasks

of astrophysics. Magnetic chemically peculiar (Ap) stars HD∼118022 (78 Vir)

and HD∼110066 (AX CVn) have similar strengths of the surface magnetic

�eld ∼3 � 4 kGs..The atmospheric analysis of the these two Ap stars results

in the determination of the e�ective temperatures Teff , surface gravities

lg g , radii R/R� and luminosities L/L�, as well as element abundances by

self-consistent way. It allows to de�ne more accurately their position on the

Hertzsprung-Russell diagram. Additionally, we derived the vertical distribution

(strati�cation) of Fe and Cr elements for all spectra. Our analysis is based

on high-resolution (R = 65000), high S/N spectra of 78∼Vir obtained with

the NARVAL spectropolarimeter attached to the 2 m telescope of the Pic du

Midi observatory (7 phases of rotation), and on one spectrum at the phase

of magnetic maximum which was obtained with the UVES (R = 80000)

spectrograph of the VLT. For star AX CVn the spectra were obtained with

ESPaDOnS (R = 81000) spectropolarimeter of CFHT. HD 118022 and

HD 110066 show nearly similar element abundance pattern and element

strati�cation.

Keywords: Fundamental parameters � Magnetic stars � Chemically peculiar

stars

1. INTRODUCTION

The magnetic chemical peculiar stars 78 Vir (HD 118022) and AX CVn

(HD 110066) are well studied variable stars of spectral classes A1p SrCrEu and

A0p SrCrEu respectively. According to current estimates the averaged surface

magnetic �elds are Bs = 3000 Gs for 78 Vir and Bs = 4100 for AX CVn [1,2].

*

E-mail: annarom@inasan.ru
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Spectra of Ap stars are characterized by anomalous chemical abundances of

many elements. Usually light elements, He, CNO, show a de�ciency compared to

the solar abundunces while heavier elements, especially rare earth elements (lan-

thanoids), are enhanced by few orders of magnitudes [3]. To explain the anoma-

lous chemical compositions in magnetic stars, Michaud proposed a mechanism of

di�usion separation in the atmospheres of Ap stars [4] under the combined action

of several forces, the main of which are gravitational pressure directed toward the

center of the star, and the radiation pressure force that pushes particles into the

outer layers of the atmosphere. This fact creates conditions for the di�usion of

chemical elements (vertical strati�cation).

Studies of the strati�cation of chemical elements by spectral observations

showed that most of the elements to Ba mainly are concentrated closer to the

photosphere (deep layers of the atmosphere) with an abrupt decrease of abun-

dance towards the upper layers [5]. Heavier rare earth elements are concentrated

in the upper layers of the star's atmosphere [6]. Anomalous chemical abundance

with the strati�cation a�ects the spectral energy distribution (SED) through ab-

sorption in lines, which distinguishes it from SED in normal stars.

2. MODEL ATMOSPHERE

When we know initial fundamental parameters of the star

(Teff , lg g ,metallicityandBs), it is possible to calculate the model atmo-

sphere. For studied stars initial parameters were taken from [7]. The initial

model atmosphere was calculated using the ATLAS9 program [8]. After that the

atmosphere parameters were re�ned by comparing the observed (calibrated in

asolute �ux units) and theoretical energy distribution taking into account the in-

dividual chemical anomalies and the element strati�cation in stellar atmosphere.

In subsequent iterations the models atmospheres were calculated by LLmodels

[9], where the line absorption is calculated with the individual abundances and

strati�cation.

The synthetic spectrum calculations with taking into account the magnetic

�eld were carried out using program Synmast [10]. Atomic parameters were taken

from the 3rd version of the Vienna Atomic Line Database VALD3 [11].

3. CHEMICAL ABUNDANCES

The average abundance of an element was determined by equivalent widths

measurements with the help of a code WidSyn [12], where magnetic (Zeeman)

splitting of spectral lines was taken into account. The abundance is given as the
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logarithm of the ratio of the number of given element atoms to the total number of

atoms of all elements - log(Nel/Ntot). The abundances of the following elements

are determined: C, N, O, Na, Mg, Al, Si, S, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Sr, Y,

Zr, Nb, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Er, Tm, Yb.

Abundances in HD 118022 and HD 110066 are similar, and show a typical

pattern for Ap stars: de�ciency of light elements of CNO, then nearly solar Na

and Mg abundances, an excess of an order of magnitude for iron-peak elements,

and a large excess of the rare-earth elements (REEs) (Fig. 1).

Fig. 1. Abundances of stars relative to solar values.

4. STRATIFICATION

The chemical strati�cation depends on the e�ective temperature Teff and

lg g magnetic �eld strength 〈Bs〉 of the star [13]. As follows from the theoretical

strati�cation calculations [14], the abundance distribution may be represented by

a step function with four parameters: the element abundance in the upper atmo-

sphere, the element abundance in the lower atmosphere, the position of abundance

jump in the atmosphere and the width of this jump. It was then widely used in

empirical strati�cation analysis (e. g. [5, 9]).

A sample of unblended lines with di�erent excitation potentials Ei and var-

ious intensities was selected to study the strati�cation in the atmosphere of Ap

stars. This choice suggests the formation of spectral lines at di�erent optical

depths, which makes it possible to probe the di�erent atmospheric layers of a
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star. Fe and Cr elements were condsidered because their lines provide the main
contribution to the observed line spectrum. 24 lines of Fe and 15 Cr lines in
both ionization stages were selected for HD� 118022, and 24 Fe lines and 19 Cr
lines - for HD� 110066. The strati�cation of the elements was calculated by the
programm DDaFit [9].

Fig. 2. Strati�cation of Fe and Cr in the atmospheres of HD 110066 (upper panel)
and HD 118022 (lower panel). The dashed line shows the theoretical distributions of
Cr and Fe for the 9000g40 model. The dotted line shows the solar abundance.

Abundance distributions in the atmospheres of both stars are shown in Fig.2,
where the empirical strati�cations were compared with the theoretical di�usion
calculations [13,15].

5. FUNDAMENTAL PARAMETERS

To compare the observed �uxes from the star with the theoretical �ux at
di�erent wavelengths, we need to know the radius of the star and the distance
(parallax) to it. Theoretical �uxes are calculated using an atmospheric model. We
optimize stellar radius, Tef f , and lgg for a given abundance pattern and strati-
�cation to reach the best �t to the observed energy distribution. This approach
allows us to re�ne the atmospheric parameters and the radius of the star simul-
taneously. The �nal parameters of the atmospheric models for HD� 118022 and
HD� 110066 are presented in Table� 1.
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