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SUMMARY: Here we report spectral observations of Mira (omicron Ceti). The comparison between
the spectra reveals Hα emission during three minima of the Mira cycle (August 2019, January 2024,
and January 2025). The emission has equivalent width EW (Hα) ∼ 4 Å, full width at zero intensity
FWZI ≈ 720 km s−1, and full width at half maximum FWHM ≈ 280 km s−1. Supposing that it is
coming from the accretion disc around the white dwarf, we estimate that the Hα emitting disc extends
from 0.3 R� to 4 R� around the white dwarf.

The spectra are available on Zenodo: zenodo.org/records/20322950.
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1. INTRODUCTION

Mira (”The Wonderful”, omicron Ceti) was iden-
tified as a variable star centuries ago (e.g. Hogg
1933) due to large cyclic changes in its brightness.
In the optical V-band Mira pulsates between 2.5 <
mV < 9.0 magnitude. This corresponds to absolute V
band magnitude −2.5 < MV < 4 mag for a distance
of 100 pc.

Mira is a binary system consisting of an asymp-
totic giant branch star M5-9III (Mira A) and a hot
companion (Mira B) located at an angular distance of
≈ 0.5 arcsec from the red giant (Skiff 2014, Ramstedt
et al. 2014). Mira B was discovered visually one hun-
dred years ago by A. H. Joy and R. G. Aitken (Aitken
1923) and later identified as a white dwarf (Cassatella
et al. 1985, Sokoloski and Bildsten 2010). Mira is in-
cluded as an accreting-only symbiotic star in the re-
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cent catalogues of symbiotic stars (Akras et al. 2019,
Merc et al. 2019), in other words it is an interacting,
wide binary system consisting of a red giant star that
transfers matter to a much hotter companion. The
ultraviolet spectra from the International Ultravio-
let Explorer (IUE), Hubble Space Telescope (HST)
and Far Ultraviolet Spectroscopic Explorer (FUSE)
satellites demonstrate that the UV line and contin-
uum fluxes observed from Mira B are variable. The
UV emission is associated with accretion of material
onto Mira B from Mira A’s wind, so the variability is
presumably due to variations in accretion rate (Wood
and Karovska 2006).

Typically, the spectra of the symbiotic stars are
a combination of absorption features of the red gi-
ant and emission lines from the hot component and
the nebula (Kenyon and Webbink 1984), although in
some cases, it is difficult to detect the optical emis-
sion lines (Kumar et al. 2021, I lkiewicz et al. 2022).
The spectrum of Mira B near Mira A minimum (see
Fig. 8 in Reimers and Cassatella 1985) is character-
ized by prominent Balmer emission lines. Balmer and
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Fe emission lines are also visible in the observations
of Ortiz et al. (2019).

Here we report spectral observations of Mira and
detection of Hα emission from the accretion disc
around the white dwarf.

2. OBSERVATIONS

In this study we use nine optical spectra se-
cured with ESpeRo echelle spectrograph (Bonev et al.
2017) mounted on the 2.0m RCC telescope of the
Rozhen National Astronomical Observatory, Bul-
garia. Additionally, two spectra were downloaded
from the ELODIE Archive (Moultaka et al. 2004).
The ELODIE is an echelle spectrograph used at the
1.93m telescope of Observatoire de Haute Provence
(OHP). The resolution of the ELODIE spectrograph
is ∼ 40000 and of the ESpeRo is ∼ 30000. The jour-
nal of observations is given in Table 1, which includes
the date of observation, observatory, UT (start of
exposure), Heliocentric Julian Day (HJD), exposure
time in minutes, signal-to-noise ratio (S/N ratio) at
6560 Å, and the V band magnitude from the nearest
AAVSO data. The S/N-ratio depends on the bright-
ness of the object as well as of the exposure time.
The spectra were processed and analysed using stan-
dard routines echelle, rvcorrect, dopcor, and splot in
IRAF (Tody 1993). All spectra were transformed to
heliocentric wavelengths and normalized to the local
continuum.

3. RESULTS

Mira A is an asymptotic giant branch star, having
large pulsations. It is the prototype of the Mira-type
variables and is located at a distance ≈ 100 pc from
the Earth (van Leeuwen 2007). The interferomet-
ric observations with ESO/VLT have directly shown
that the radius of the star changes from 332 R� to
402 R� (Woodruff et al. 2004). The V band light
curve (data dowloaded from the AAVSO Interna-
tional Database) of the Mira pulsations for the last 9
years is plotted in Fig. 1. The data analysis using the
Phase Dispersion Minimization algorithm (Stellingw-
erf 1978) of the V band observations from JD2452000
(March 2001) to JD2460918 (September 2025) gives
a period of pulsations 328.6 ± 1.8 days. This period
indicates that the spectra obtained on 1998-11-07,
1999-09-29, and 2019-02-20 are near the maximum of
the Mira, while the other spectra (2019-08-21, 2024-
01-22, 2025-01-17) are close to the minimum (see Ta-
ble 1 and Fig. 1).

3.1. The radial velocity of the Mira A

To calculate the radial velocity of Mira A on
our spectra we used spectra of two red giants ob-
tained with the Rozhen telescope, 71 Peg (M5III)
and 57 Psc (M4III), whose spectral types are from
Keenan and McNeil (1989). Their radial velocities
are +1.62 ± 0.24 km s−1 and −24.26 ± 0.21 km s−1

(Famaey et al. 2005), respectively. A comparison of

the spectrum of Mira with 71 Peg for wavelength
interval 6565 – 6580 Å is given in Fig. 2. Using
fxcor in IRAF, which computes radial velocities via
Fourier cross correlation, we correlate our spectra of
Mira with 71 Peg and 57 Psc, and estimate helio-
centric radial velocity of Mira A on our spectra to
be 63.5 ± 1.6 km s−1. This value is identical to
63.5 ± 0.60 km s−1 given by Kharchenko et al. (2007).

3.2. Hα emission

In Fig. 3 are plotted the spectra of Mira around
Hα. The spectra are in heliocentric wavelengths and
normalized to the local continuum. The blue line rep-
resents the spectra obtained during three minima of
the Mira cycle and the red line the ones during the
maxima. The subtraction of spectrum obtained dur-
ing the maximum gives the difference (green). Even
before subtraction, it is visible that some additional
emission exists in the Hα. The subtraction reveals
the Hα emission and gives us the possibility to mea-
sure some parameters. The ”isolated” Hα emission
(the differences from Fig. 3) during three minima of
the Mira cycle (August 2019, January 2024, and Jan-
uary 2025) is plotted in Fig. 4. We note that in Fig. 3
the X-axis is heliocentric wavelegth, while in Fig. 4
it is heliocentric radial velocity. After the subtrac-
tion the typical root-mean-square of the continuum
is 3%. The intensity of the peak of the emission is
more than 1.5 for the spectra 2019-08-20 and 2024-
01-22. It is 1.25 for 2025-01-17, probably because this
spectrum is obtained after the minimum of the Mira
(see Fig. 1), when the brightness is already increas-
ing.

On the Hα emission we measure the following
parameters: the equivalent width of the emission
(EW (Hα)), full width at zero intensity (FWZI), full
width at half maximum (FWHM), radial velocity of
the peak (Vr.peak), radial velocity of the centroid of
the emission (Vr.cen). The measurements are sum-

marized in Table 2, where EW (Hα) is in Å, other
measurements are in km s−1. The typical error of
EW (Hα) is ± 5%, of FWZI is ± 15 km s−1, of
FWHM is ± 7 km s−1, of Vr.peak is ± 10 km s−1,
and of Vr.cen is ± 5 km s−1.

Our measurements give that EW (Hα) is in the
range 1-5 Å, FWZI is 720 ± 45 km s−1, FWHM is
280 ± 35 km s−1, the peak of the emission is lo-
cated at heliocentric radial velocity 85 ≤ Vr.peak ≤
110 km s−1, and the centroid of the line is at Vr.cen =
138 ± 4 km s−1. The heliocentric radial velocity of
the Mira A is 63.5 ± 0.60 km s−1 (Kharchenko et al.
2007, see also Section 3.1). The observed peak of the
Hα emission is red shifted relatively to the red giant
velocity with ∼ 34 km s−1, and its centroid – with
∼ 75 km s−1.

We note that the orbital velocity of Mira B is
vorb ≈ 2.6 km s−1. This value is calculated using
a circular orbit with period 945 yr, masses of the
components M1 ≈ 1 M�, and M2 ≈ 0.24 M� (Snaid
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Table 1: Journal of observations.

Date Observatory UT HJD exposure S/N V
YYYY-MM-DD hh:mm 2400000+ [min] [mag]

1998-11-07 OHP 23:54 51125.5018 20 90 4.8
1999-09-29 OHP 00:55 51450.5436 3 30 3.2

2019-02-20 Rozhen 17:30 58535.2330 10 250 5.5
2019-02-20 Rozhen 17:41 58535.2432 2 120

2019-08-21 Rozhen 00:45 58716.5400 40 300 8.3
2019-08-21 Rozhen 01:26 58716.5617 20 220

2024-01-22 Rozhen 16:41 60332.2062 20 70 8.9
2024-01-22 Rozhen 17:33 60332.2390 10 55

2025-01-17 Rozhen 17:49 60693.2479 5 20 7.0
2025-01-17 Rozhen 17:59 60693.2551 5 30
2025-01-17 Rozhen 18:05 60693.2642 20 60

Table 2: Measured parameters of the Hα emission of Mira.

Date EW (Hα) FWZI FWHM Vr(peak) Vr(cen)
YYYY-MM-DD HH:MM [Å] [km s−1] [km s−1] [km s−1] [km s−1]

2019-08-21 00:45 3.01 710 243 84 133
2019-08-21 01:26 2.95 719 227 89 134

2024-01-22 16:41 5.34 659 270 78 141
2024-01-22 17:33 5.15 745 283 85 139

2025-01-17 17:49 1.08 698 319 123 139
2025-01-17 17:59 1.05 799 296 113 138
2025-01-17 18:05 1.19 692 326 107 145

et al. 2018, Zamanov et al. 2026). In other words, the
shift of Hα is not a signature of the orbital motion.

3.3. Size of the accretion disc

Fig. 3 unveils the Hα emission. We assume that
this emission is coming from a Keplerian accretion
disc around the white dwarf. For emission lines com-
ing from a Keplerian disc, FWZI can be regarded as
a measure of the inner radius (Rin) of the emitting
disc (Casares et al. 2012):

FWZI = 2 sin i
√
GMwd/Rin , (1)

where G is the gravitational constant, Mwd is the
mass of the white dwarf, and i is the inclination of
the disc to the line of sight. In the same way, FWHM
can be regarded as a measure of the average radius
(Rav) of the emitting disc (Reimers and Cassatella
1985):

FWHM = 2 sin i
√
GMwd/Rav . (2)

We adopt Mwd = 0.24 M� (Snaid et al. 2018) and
inclination i = 67◦ (Zamanov et al. 2026).

Using the measurements in Table 2, we estimate
Rin = 0.31 ± 0.02 R� and Rav = 2.1 ± 0.2 R� for
the accretion disc around Mira B. The disc rotational
velocity seen in the inner parts of the Hα emitting
disc is FWZI/(2 sin i) ≈ 390 km s−1. We assume
that the outer radius of the accretion disc is Rdisc =
Rav+(Rav−Rin), and calculate Rdisc = 3.8 ± 0.4 R�.

Using the mass-radius relation for white dwarfs
(Eq. 15 in Verbunt and Rappaport 1988), we calcu-
late that a white dwarf with Mwd = 0.24 M� has
a radius Rwd = 0.02 R�, which means that the Hα
emitting disc extends down to ≈ 15 Rwd.

The Roche lobe radius of Mira B is given by the
formula (Eggleton 1983):
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Fig. 1: The V band light curve of Mira (AAVSO data) from April 2016 to September 2025. The red lines indicate

the moments of the Rozhen spectra (see Table 1).

Fig. 2: A comparison of the spectrum of Mira (red line)

with 71 Peg (blue line). The spectrum of 71 Peg is shifted

to the red wavelegths with 62.7 km s−1.

rRoche/a = (0.49q2/3)/[0.6q2/3 + ln(1 + q1/3)], (3)

where q = M1/M2 is the mass ratio. Using this for-
mula and mass ratio q = 0.24, we estimate rRoche/a =
0.265 and the Roche lobe size of the white dwarf to
be 5800 R�, which means that the accretion disc is
∼ 1000 times smaller than the size of the Roche lobe.

4. DISCUSSION

Mira A is an asymptotic giant branch star. The
asymptotic giant branch is the most luminous evo-
lutionary stage for stars of low to intermediate mass
(0.5 - 8) M�, during which they exhibit intense mass
lose through cool, low-velocity winds. As a result of
the wind, the star can lose up ∼ 80% of its initial stel-
lar mass (e.g. Höfner and Olofsson 2018, Matthews
2024). In the Mira system, the mass loss and the
presence of binary companion forms a complex mor-
phokinematics of the circumstellar envelope (Nhung
et al. 2022).

The orbital period of the binary system is a few
hundred years. Prieur et al. (2002) estimated it of
498 yr. More recently, Snaid et al. (2018) used the
measurements of the angular separation between

Mira A and B for the period 1923 – 2014, and found
the orbital period of 945 yr. They evaluated the phys-
ical separation between Mira A and B to be ≈ 95
au. Numerical simulations of wind accretion in sym-
biotic binaries give that for a typical slow and mas-
sive wind from an AGB star the flow pattern is sim-
ilar to a Roche lobe overflow with accretion rates of
10% of the mass loss from the primary (de Val-Borro
et al. 2009). In agreement with these theoretical sim-
ulations, the high resolution Chandra and Hubble
Space telescope observations have shown that in
the mass exchange between components, in addition
to wind accretion, there are evidences for Roche-lobe
like overflow (Karovska et al. 2005, Karovska 2006).

The mass loss from Mira A is estimated to be
about (2.0 − 4.4) × 10−7 M� yr−1 (Yamashita and
Maehara 1978, Knapp et al. 1998). The white dwarf
accretes less than 4% of it, at a rate 1 × 10−10 −
7 × 10−9 M� yr−1 (Sokoloski and Bildsten 2010, Za-
manov et al. 2025, 2026). For the symbiotic recur-
rent nova T CrB, a massive white dwarf with mass
1.35-1.37 M� (Munari et al. 2025, Hinkle et al. 2025)
accretes at a rate 0.3 − 3 × 10−8 M� yr−1 (Zamanov
et al. 2023) and the outer radius of accretion disc
is 89 ± 19 R� (Zamanov et al. 2024). In Mira a
white dwarf with mass ∼ 0.24 M� accretes at ∼ 30
times lower mass accretion rate. As a consequence,
of the lower mass of the white dwarf and lower mass
accretion rate, the disc size is ∼ 20 times smaller.

A shock-induced variability of the Hα emission
profile in Mira was detected by Gillet et al. (1983,
1985). In their spectra, they observed variable Hα
emission coming from the shocks around Mira A. The
Hα emission detected in our spectra is probably com-
ing from the vicinity of Mira B, i.e. the origin is sim-
ilar to that of the UV emission lines. Cassatella et al.
(1985) have shown that, in the UV spectra of Mira,
the UV intercombination lines of Si III] and C III]
are consistent with formation in a rapidly rotating
disc around the white dwarf companion Mira B with
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Fig. 3: The spectra of Mira around Hα in the wavelength range from 6535 Å to 6595 Å. In each panel, the red colour

denotes the observations made during maximum brightness, the blue colour relates to observations obtained during

minimum. The dates of observations are in format YYYY-MM-DD. The green colour is the difference between the

two spectra.

typical radius of ≈ 1011 cm (1.5 R�). The disc ro-
tational velocity is seen to increase from 135 km s−1

in the cool outer layers to 1000 km s−1 in the inner-
most region (see also Reimers and Cassatella 1985).
Our estimate that the Hα emitting disc extends from
0.3 to 3.8 R� is consistent with the results from UV
spectra.

Some of the open questions which should be ad-
dressed in the future are:
(i) Are there other emission lines in the Mira spectra
coming from the accretion disc?
(ii) Why is the Hα emission red shifted relatively to
the red giant heliocentric velocity?

5. CONCLUSIONS

Here, we analyse spectral observations of Mira
(omicron Ceti) obtained between February 2019 and
January 2025 at the Rozhen National Astronomical
Observatory, Bulgaria and spectra from the ELODIE
archive, France. The comparison between the spectra
observed at minimum and maximum of the Mira

brightness, reveals the presence of emission in Hα.
The emission is clearly detected during three minima
of the Mira cycle (August 2019, January 2024, and
January 2025). The Hα emission is with EW (Hα)
in the range 1–5 Å, FWZI= 720 ± 45 km s−1, and
FWHM= 280 ± 10 km s−1. Like the UV emission
lines, the Hα emission is probably coming from the
accretion disc around the white dwarf. We find that
the Hα emitting disc extends from 0.3 R� to 4 R�
around the white dwarf. A comparison with the sym-
biotic recurrent nova T CrB indicates that the accre-
tion disc around Mira B is ∼ 20 times smaller.
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Fig. 4: The Hα emission of Mira detected during three

minima of the Mira cycle – August 2019, January 2024,

and January 2025. The X-axis is the heliocentric radial

velocity. The vertical dashed line is at 63.5 km s−1, which

is the radial velocity of the red giant.
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Struqni qlanak

U ovom radu predstavǉamo spektroskop-
ska posmatraǌa zvezde Mira (Omikron Ki-
ta). Pore�eni su spektri i Hα emisi-
ja tokom tri minimuma Mirinog ciklusa
(iz avgusta 2019, januara 2024. i januara
2025. godine). Emisija ima ekvivalentnu xi-
rinu EW (Hα) ∼ 4 Å, xirinu pri nultom in-
tenzitetu FWZI ≈ 720 km s−1 i xirinu na po-

lovini maksimuma FWHM ≈ 280 km s−1. Pod
pretpostavkom da Hα emisija potiqe iz akre-
cionog diska oko belog patuǉka, proceǌujemo
da se oblast diska koja emituje Hα prostire
od 0.3 R� do 4 R� oko belog patuǉka.

Spektri su dostupni na Zenodo platformi:
zenodo.org/records/20322950.
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