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A B S T R A C T 

We report photometric observations in Johnson B and V bands of the short term variability (flickering) of Mira (omicron 

Ceti). The observations were performed during seven nights in the period 2025 August–October, in the course of the last 
minimum of the Mira pulsations. The observed peak-to-peak amplitude of the flickering is 0.11–0.28mag in B band. For 
the flickering source we find luminosity in the range 0 . 10 –0 . 46 L �. Using the amplitude–flux relation, we estimate an 

average luminosity of the accretion disc L d = 0 . 91 ± 0 . 28 L �. Assuming that the white dwarf accretes material through 

Wind Roche Lobe Ov erflow, w e find that Mira B is a low mass white dwarf with M wd = 0 . 24 ± 0 . 04 M � accreting at a rate 
6 . 8 × 10 

−9 M � yr −1 . This value of the mass is in the range of the e xtr emely low mass white dwarfs. The data are available 
on Zenodo: https://zenodo.org/records/18756532 . 

Key wor ds: accr etion, accr etion discs – stars: A GB and post-A GB – binaries: symbiotic – stars: individual: omi Cet. 
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 INTRODUCTION  

ira (omicron Ceti, HD 14386) is a binary system consisting of an
symptotic giant branch star of spectral type M5-9III (Mira A) and
 hot companion (Mira B). ‘The Wonderful Star’ (omicron Ceti) 
as identified as a variable star in 1596 (E. G. Hogg 1933 ). The

ompanion (Mira B) was discovered in 1922 by A. H. Joy and R.
. Aitken (R. G. Aitken 1923 ) as a blue star located at an angular
istance of ≈0 . 6 arcsec. An bow shock and turbulent wake extend
ver 2 ◦ on the sky, arising from Mira’s large space velocity and the
nt eraction betw een its strong wind and the int erst ellar medium.
his wind wake is a tracer of the past 30 000 yr of Mira’s mass-loss

D. C. Martin et al. 2007 ). Another part of the wind is captured
y Mira B and forms a bridge between Mira A and Mira B (M.
arovska 2006 ). 
In the recent catalogues, Mira is classified as an accreting- 

nly symbiotic star (S. Akras et al. 2019 ; J. Merc, R. Gális & M.
olf 2019 ), in other words it consists of a red giant star and a
hite dwarf companion which accretes matter from the primary 

omponent. In the older catalogues a classification as ‘symbiotic- 
ike’ or ‘weakly symbiotic’ can also be found (e.g. K. Belczy ́nski
t al. 2000 ). The accr etion pr oduces r apid light-v ariations on a
ime scale minutes-hours (M. F. Walker 1957 ; B. Warner 1972 ).
he amplitude of these optical brightness fluctuations is the same 
s those from accreting white dwarfs in Cataclysmic Variables, 
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nd significantly larger than one would expect from an accreting 
ain sequence star and reveals Mira B to be a white dwarf (J. L.

okoloski & L. Bildsten 2010 ). 
Numerical models (M. Val-Borro et al. 2017 ) and high reso-

ution observations (M. Karovska 2006 ) show that the accreting 
echanism is most likely Wind Roche Lobe Overflow (WRLOF). 
ow ev er, J. L. Sokoloski & L. Bildsten ( 2010 ) as well as R. K.
amanov et al. ( 2025 ) found that the accretion rate is considerably
elow the expected value. To shed light on this discrepancy, we
erformed new observations of the flickering during the 2025 
inimum. These allow us t o calculat e the temperature and radius

f the flickering sour ce, accr etion disc luminosity, and estimate
he mass of Mira B. 

 O B S E RVAT I O N S  

he observations were secured with three telescopes: (i) the 
0/70 cm Schmidt telescope (V. G. Golev, M. K. Tsvetkov & E.
. Vitrichenko 1982 ; M. K. Tsvetkov et al. 1987 ), (ii) the 1.5m
Z1500 telescope (E. Semkov et al. 2025 ) of the Rozhen Na-

ional Astronomical Observatory, Bulgaria, and (iii) the 40 cm 

elescope of the Shumen University (D. Kjurkchieva et al. 
020 ). The three telescopes are each equipped with CCD cam-
ra and rotating filter wheel. On the 50/70 cm Schmidt tele-
cope we used full the CCD frame which covers a field of view
1 × 71 arcmin. 

Comparison stars were BD −03 356 (B = 11.140, V = 10.645)
nd HD 14 411 (B = 10.779, V = 9.347). For control of the data
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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Table 1. Photometry of Mira. In the table are giv en: dat e of observation (in format YYYY-MM-DD), ut -start and 
ut -end of the run (in format HH:MM), band, number of the data points, minimum, maximum, average, and 
median magnitudes in the corresponding band, standard deviation of the mean, amplitude, typical observational 
error. 

Date ut Band N pts Min Max Average Median stdev ampl. merr 
telescope (mag) (mag) (mag) (mag) (mag) (mag) (mag) 

2025-08-28 23:17–03:01 B 156 × 5s 9.535 9.647 9.5942 9.5950 0.026 0.112 0.004 
50/70cm V 157 × 3s 8.290 8.378 8.3376 8.3380 0.018 0.088 0.003 
2025-08-29 22:28–02:59 B 186 × 5s 9.567 9.729 9.6446 9.6395 0.044 0.162 0.003 
50/70cm V 189 × 3s 8.326 8.425 8.3747 8.3720 0.026 0.099 0.003 
2025-09-22 23:14–02:57 B 

120 × 15s 
9.603 9.887 9.7645 9.772 0.071 0.284 0.002 

50/70cm V 118 × 5s 8.533 8.690 8.6212 8.627 0.038 0.157 0.002 
2025-10-19 20:40–01:08 B 

233 × 10s 
10.152 10.335 10.2367 10.2240 0.047 0.183 0.008 

40cm V 232 × 4s 8.668 8.750 8.7102 8.7065 0.020 0.082 0.009 
2025-10-23 21:14–00:02 B 78 × 10s 10.075 10.206 10.1611 10.1710 0.035 0.131 0.008 
40cm V 78 × 4s 8.479 8.547 8.5173 8.5185 0.016 0.068 0.008 
2025-10-29 19:14–20:45 B 67 × 5s 9.623 9.814 9.7066 9.6910 0.052 0.191 0.002 
1.5m V 67 × 1s 8.433 8.527 8.4699 8.4670 0.021 0.094 0.002 
2025-10-31 22:00–23:32 B 110 × 5s 9.972 10.060 10.0075 10.0015 0.023 0.088 0.003 
1.5m V 

110 × 0.5s 
8.536 8.609 8.5707 8.5720 0.015 0.073 0.003 
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rocessing we also used HD 14 627 (B = 9.456, V = 9.004), HD
4 223 (B = 10.055, V = 9.491), and BD −03 364 (B = 10.538,
 = 9.931). The magnitudes are taken from Gaia Collaboration
 2022 ) and from U. Munari et al. ( 2014 ). The resulting light curves
pan from 3.7 to 4.9 h. Table 1 gives full details of each run includ-
ng light-curve statistics. 

In the optical V band Mira pulsates between 2 . 5 < m V < 9 . 0
agnitude (D. Hoffleit 1997 ; M. Gromadzki et al. 2009 ). As the

ickering variability is related to the companion, it is essential to
bserve at a time when Mira A is faint, and our new data are when
 V ≥ 8 . 3 . 
Part of our observations of omicron Ceti are plotted in Fig. 1 .

he intr a-night v ariability (flickering) is evident on all nights.
he peak-to-peak amplitude in V band is 0.09–0.16 mag, and in
 band it is 0.11–0.28 mag. The variability in the two bands is
ynchronized, how ev er the amplitude is larger in B band, similar
o the symbiotic r ecurr ent novae T CrB and RS Oph. 

 R E S U LT S  

n Fig. 2 (a) we plot the B versus V magnitude. Fig. 2 (b) rep-
esents the colour–magnitude diagram – B magnitude versus
 − V colour. For each night the star becomes redder when it
ets fainter. The positions of data on this figure are related to the
rightness variations during the Mira cycle, as well as the variable

uminosity of accretion disc (see Section 3.2 ). 
The distance to Mira is estimated to be 92 ± 10 pc from

he Hip p arcos parallax ( 10 . 91 ± 1 . 22 arcsec) (F. Leeuwen 2007 ).
ther values using different relations include: 105 ± 7 pc (M. W.
east et al. 1989 ), 107 ± 12 pc (G. R. Knapp et al. 2003 ), 115 ± 7 pc
P. A. Whitelock, M. W. Feast & F . V an Leeuwen 2008 ). We adopt
 distance of 100 pc. The int erst ellar extinction at this distance is
ess than 0.01 mag (R. Lallement et al. 2019 ). In such wide binary
yst ems, the whit e dwarf is locat ed outside of the dust cocoon
ssociated with the Mira star (M. Gromadzki et al. 2009 ) and we
ence assume no extinction for Mira B. 
NRAS 547, 1–7 (2026) 
.1 Flickering 

or analysis of the flickering, A. Bruch ( 1992 ) suggests the light
urve of the intra-night variability to be separated into two parts –
onstant light and variable (flickering) source. Following this
r ocedur e, w e calculat e the flux of the flickering light source as
 fl 1 = F av − F min , where F av is the average flux during the run and
 min is the minimum flux during the run (corrected for the typical
rror of the observations). A slightly different method is proposed
y T. Nelson et al. ( 2011 ). They used for the flickering source
 fl 2 = F max − F min , where F max is the maximum flux during the
un. In fact, the method of A. Bruch ( 1992 ) evaluates the average
rightness of the flickering source, while that of T. Nelson et al.
 2011 ) its maximal brightness. More details can be found in sec-
ion 4 of A. Bruch ( 1992 ) and section 6.5 of T. Nelson et al. ( 2011 ).
 fl 1 and F fl 2 have been calculated for each band, using the values
iven in Table 1 . To convert the observed magnitudes in fluxes, we
se the calibration for a zero magnitude star F 0 (B ) = 6 . 13268 ×
0 −9 erg cm 

−2 s −1 Å−1 , λeff (B ) = 4371 . 07 Å, F 0 (V ) = 3 . 62708 ×
0 −9 erg cm 

−2 s −1 Å−1 and λeff (V ) = 5477 . 70 Å as given in the
panish virtual observatory Filter Profile Service (C. Rodrigo & E.
olano 2020 ). To calculate the temperature, we use the calibration
or the (B − V ) colour of a blackbody (table 18 in V. Straižys 1992 ).
sing the temperature, distance d = 100 pc, F fl 1 , and F fl 1 , we cal-

ulate the radius and the luminosity of the flickering source. 
In Table 2 are given: the colours (B − V ) 01 and (B − V ) 02 of 

he flickering source, T fl 1 and T fl 2 (temperature of the flickering
ource), R fl 1 and R fl 2 (radius the flickering source), L fl 1 and L fl 2 
luminosity the flickering source). (B − V ) 01 , T fl 1 , R , fl 1 and L fl 1 are
alculated using the average flux, following A. Bruch ( 1992 ), (B −
 ) 02 , T fl 2 , R fl 2 , and L fl 2 – using the maximum flux, following T.
elson et al. ( 2011 ). 
Using the method of A. Bruch ( 1992 ), we find for our runs:

(B − V ) 01 in the range from 0.55 to 1.1, corresponding to temper-
ture in the range 4200 –6200 K, radius of the flickering source
 . 30 –0 . 85 R �, and luminosity 0 . 1 –0 . 2 L �. Using the method of T.
elson et al. ( 2011 ), we find similar results for the colour and tem-
erature: (B − V ) 02 in the range from 0.5 to 1.2, corresponding to
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Figure 1. Short term v ariability of Mir a in B and V bands. An intra-night variability with an amplitude �B ∼ 0 . 15 mag is visible. The date of observations 
is marked on each panel. 

Figure 2. (a) B band versus V-band magnitude. (b) Colour magnitude diagram. The colours are as follows: data from 2024–11 (black), 2025-08-28 and 
2025-08-29 (red), 2025-09-22 (green), 2025-10-19 and 2025-10-23 (blue), 2025-10-29 and 2025-10-31 (yellow). 
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Table 2. Flickering source of Mira B. (B − V ) 01 , T 1 , R fl 1 , and L fl 1 are dereddened colour, temperature, 
radius, and luminosity of the flickering source calculated following Bruch ( 1992 ), (B − V ) 02 , T 2 , R fl 2 , and 
L fl 2 – following Nelson et al. ( 2011 ), see Section 3 for details. 

Date (B − V ) 01 T 1 R fl 1 L fl 1 (B − V ) 02 T 2 R fl 2 L fl 2 
(K) [R �] (L �) (K) (R �) (L �) 

2025-08-28 0.9721 4439 0.7671 0.205 0.9950 4375 1.1960 0.470 
2025-08-29 0.7248 5342 0.5024 0.184 0.7372 5285 0.7328 0.376 
2025-09-22 0.5434 6229 0.3656 0.180 0.4878 6576 0.5028 0.424 
2025-10-19 0.5738 6039 0.2880 0.099 0.6619 5628 0.4895 0.216 
2025-10-23 0.9606 4471 0.5315 0.101 0.818 4941 0.6525 0.228 
2025-10-29 0.5756 6028 0.3854 0.176 0.468 6702 0.3978 0.286 
2025-10-31 1.1014 4079 0.8773 0.191 1.220 3770 1.5944 0.460 

Table 3. A ccr etion disc luminosity, L d of Mira B . The first column gives 
date of observation. The second and the third columns give the estimated 
L d using equations ( 1 ) and ( 2 ), respectively (see Section 3 for details). 

Date L d L d 
( L �) ( L �) 

from equation ( 1 ) from equation ( 2 ) 

2018-09-07 0.345 0.584 
2018-09-09 0.439 0.977 
2024-11-24 1.163 1.165 
2024-11-25 0.787 0.861 
2024-11-26 1.012 0.992 
2024-11-27 0.983 1.358 
2025-08-28 1.132 1.298 
2025-08-29 1.018 1.038 
2025-09-22 0.997 1.172 
2025-10-19 0.547 0.595 
2025-10-23 0.559 0.629 
2025-10-29 0.972 0.791 
2025-10-31 1.056 1.272 
Average 0 . 91 ± 0 . 28 
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emperature in the range 3800 –6600 K. The method of T. Nelson
t al. ( 2011 ) gives larger values for the radius ( 0 . 4 –1 . 5 R �) and for
he luminosity ( 0 . 22 –0 . 46 L �), because it refers to the maximal
rightness. 

.2 Optical luminosity of Mira B 

he v ariability gener ated in accretion discs produces light curves
hat are phenomenologically similar across active galactic nu-
lei, X-ray binaries, and accr eting white dwarfs. Ther e is an
mplitude–flux relation, which is a result of the universality of 
he accretion physics from proto - stars still in the star-forming
rocess to the supermassive black holes at the centr es of g alaxies
e.g. P. Uttley, I. M. McHardy & S. Vaughan 2005 ; S. Scaringi
t al. 2015 ; C. Koen 2016 , and r efer ences ther ein). This r elation
s probably connected with the viscosity (A. R. King et al. 2004 ).
o estimate the luminosity of the accretion disc around the white
warf, we use the observed relationship between the amplitude
f the flickering ( �F ) and the average flux F av . For accreting
hite dwarfs these two parameters are connected as �F /F av =
 . 362 ± 0 . 045 (R. K. Zamanov et al. 2016 ). From this amplitude-
ux relation, we adopt 

 L fl 1 = 0 . 362 L d , (1) 
 fl 2 = 0 . 362 L d , (2) 

here L d is the accretion disc luminosity. In Table 3 is given the
NRAS 547, 1–7 (2026) 
alculated L d for the past flickering observations (R. Zamanov
t al. 2019 ; R. K. Zamanov et al. 2025 ), as well as the new data. The
alculated luminosity of the accretion disc is in the range from 0.4
o 1.3 L �, with average L d = 0 . 91 ± 0 . 28 L �. 

.3 A ccr etion luminosity of Mira B 

he luminosity of the accretion disc of an accreting white dwarf 
epends on the mass of the white dwarf, its radius, and the mass
ccretion rate: 

 d = 

G M wd ˙ M a 

2 R wd 
, (3) 

here ˙ M a is the mass accretion rate, M wd is the mass of the
hite dwarf, R wd is the radius of the white dwarf. For a standard

ccretion disc, the disc luminosity is half of the total accretion lu-
inosity. The other half is emitted by the boundary layer between

he accretion disc and the white dwarf. 
A characteristic feature of the white dwarfs is that the less
assiv e whit e dwarfs hav e larger r adii. For the r adius of the white

warf, we use the formula by P. Eggleton as given in F. Verbunt
 S. Rappaport ( 1988 ): 

R wd 

R �
= 0 . 0114 

[ (
M wd 

M Ch 

)−2 / 3 

−
(

M wd 

M Ch 

)2 / 3 
] 1 / 2 

×
[ 

1 + 3 . 5 
(

M wd 

M p 

)−2 / 3 

+ 

(
M wd 

M p 

)−1 
] −2 / 3 

, (4) 

here M p is a constant M p = 0 . 00057 M �, M Ch = 1 . 44 M � is the
handrasekhar mass limit for a white dwarf. We note in passing

hat the observed masses and radii of white dwarfs agree with this
ormula (e.g. K. Bartnick et al. 2025 , and r efer ences ther ein). This

ass–radius relation gives radius R wd = 8614 km for a M wd =
 . 6 M �, R wd = 10675 km for a M wd = 0 . 4 M �, R wd = 14075 km
or a M wd = 0 . 2 M �. 

.4 Bondi–Hoyle–L yt tleton accretion 

he orbital period of Mira A + B binary is ≥500 yr. In such wide
inaries the white dwarf captures a fraction of the wind of the
ed giant. In standard Bondi–Hoyle–L yt tleton wind accretion (for
 review, see R. Edgar 2004 ), the accretion rate on to the white
warf depends on the orbital and stellar parameters (F. Hoyle &
. A. L yt tleton 1939 ; H. Bondi & F. Hoyle 1944 ): 

˙ 
 acc = 

R 

2 
a 

2 
˙ M w 

, (5) 

4 a 
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here ˙ M w 

is the wind mass-loss rate of the red giant (Mira A), a is
he semimajor axis of the binary orbit, R a is the accretion radius
f the white dwarf: 

 a = 

2 G M wd 

v 2 w 

+ v 2 orb + c 2 s 
, (6) 

here v w 

is the wind velocity, v orb is the orbital velocity, c s is the
peed of sound in the wind at distance a . We adopt c s = 1 km s −1 

C. Sandin & L. Mattsson 2020 ). The semimajor axis is related to
he orbital period by the Kepler’s third law: 

 

2 
orb = 

4 π2 a 

3 

G (M 1 + M wd ) 
, (7) 

here M 1 is the mass of the red giant primary (Mira A). The
rbital velocity of the white dwarf v orb is 

 orb = 

2 π M 1 a 

(M 1 + M wd ) P orb 
. (8) 

or the mass-loss rate of Mira A, we adopt M w 

= 4 . 4 ×
0 −7 M � yr −1 and v w 

= 6 . 7 km s −1 (G. R. Knapp et al. 1998 ). Omi-
ron Ceti is a very wide binary system. S. Snaid et al. ( 2018 )
ollected data for Mira B positions relative to Mira A and fitted
hem with a circular orbit inclined at i = 67 0 , with period 945 yr
nd angular separation 1.03 arcsec. For a distance d = 100 pc, it
ives a physical separation between Mira A and B of a = 103 au. 

Using equation ( 7 ) and the observ ed paramet ers P orb and a we
stimate the mass of the system. We calculate the orbital velocity 
 orb via equation ( 8 ) for a range of white dwarf masses (from 0.1

o 1.43 M �). We use equations ( 5 ) and ( 6 ) to estimate the mass
cretion rate ˙ M acc . The radius of the white dwarf for each mass is
alculated via equation ( 4 ) and then the accretion luminosity L d 
s obtained from equation ( 3 ). We compare the resulting values
or L d with the value derived from our observations and achieve 
greement at M wd = 0 . 42 ± 0 . 02 M � and M 1 ≈ 0 . 8 M �. Such a
hit e dwarf will accret e at a rat e ˙ M a ≈ 2 . 1 × 10 −9 M � yr −1 and
ill emit L d ≈ 0 . 93 L �. 

.5 Wind Roche Lobe Overflow (WRLOF) 

ind Lobe Overflow (WRLOF) is proposed by S. Mohamed & 

. Podsiadlowski ( 2007 ) for symbiotic binaries. This is a mass-
ransfer mechanism where the stellar wind (particularly if it is 
ense and slow), fills the Roche lobe of the red giant and is trans-
erred to the hot component through the inner Lagrangian point. 
his mechanism is a hybrid between the normal Roche lobe 
verflow and standard wind accretion (Bondi–Hoyle–L yt tleton 

ccretion). Numerical simulations (S. Mohamed & P. Podsiad- 
owski 2012 ; M. Val-Borro et al. 2017 ) have shown that in case
f WRLOF the subsequent mass-transfer rate is at least an order
f magnitude greater than the analogous Bondi–Hoyle–L yt tleton 

alue. Here we will assume that it is 10–20 times greater. 
In agreement with WRLOF scenario, the high resolution Chan- 

ra and Hubble Spac e telesc ope observations hav e shown that
n the mass e x change between Mir a A and Mir a B in addition to
ind accr etion ther e is evidence for Roche lobe like overflow (M.
arovska et al. 2005 ; M. Karovska 2006 ). 
Assuming that in case of WRLOF the mass accretion rate is

0 times higher than the standard Bondi–Hoyle–L yt tleton v alue, 
nd using the above equations we find that a white dwarf hav-
ng accretion disc luminosity L d ≈ 0 . 91 L � accreting through

RLOF, has to be a low mass, with M wd = 0 . 21 ± 0 . 02 . This
alue of the mass is the lower limit because in equation ( 3 ) the
nclination of the accretion disc is not taken into account. If 
e adopt L d = 0 . 5 G M wd ˙ M a cos i R 

−1 
wd and i = 67 0 , then we get

 wd = 0 . 28 M � for a WRLOF with 10 times higher accretion rate
han Bondi–Hoyle–L yt tleton accretion and M wd = 0 . 23 M � for a

RLOF with a 20 times higher accretion rate. 
The WRLOF mechanism suggests that Mira B is a low mass

hite dwarf with mass 0 . 24 ± 0 . 04 M � accreting at a rate of 
 . 8 × 10 −9 M � yr −1 . In other words the white dwarf captures
1 . 5 per cent of the wind of the giant. 

 DISCUSSION  

er e, we e xplor e how v arying v arious critical par ameters affects
ur overall conclusions. Symbiotic Miras in general have very 
ong orbital periods, longer than 100 yr (K. H. Hinkle et al. 2013 ).
n Section 3 , we used P orb = 945 yr (S. Snaid et al. 2018 ). Earlier
stimat es giv e short er periods: 498 yr (J. L. Prieur et al. 2002 ) and
10 yr (M. J. Ireland et al. 2007 ). If we assume P orb = 610 yr, than
e get an almost identical value of M wd = 0 . 24 M �, because this
ill change v orb . How ev er the main factor in equation ( 6 ) is v w 

. 
In Section 3 , we used speed of sound c s = 1 . 0 km s −1 . If we

ssume a two times larger value c s = 2 . 0 km s −1 or two times
maller value c s = 0 . 5 km s −1 the result will be practically the
ame because the motion of the accreting object is supersonic and
he c s is a minor factor in equation ( 6 ). 

If w e use tw o times low er mass-loss rat e of Mira A, M w 

= 2 . 2 ×
0 −7 M � yr −1 , and v w 

= 6 . 7 km s −1 , we get the mass of the white
warf ≈0 . 27 M �. If we use different values for the mass-loss of 
ira A, M w 

= 3 . 6 × 10 −7 M � yr −1 and v w 

= 4 . 8 km s −1 as given
y A. M. Heras & S. Hony ( 2005 ), we derive an even lower mass
f the white dwarf ≈0 . 17 M �. 

Significant changes in the accretion rate have been inferred in 

he past for Mira B (B. E. Wood & M. Karovska 2006 ). We also
etect variations in the disc luminosity in the range 0 . 3 ≤ L d ≤
 . 4 L � (see Table 3 ). The amplitude of the flickering in B band
n our observations is 0 . 1 –0 . 28 mag, which is similar to the am-
litudes 0 . 15 –0 . 30 mag observed by J. L. Sokoloski & L. Bildsten
 2010 ). 

In wide binaries as Mira A + B, the white dwarf accretes mate-
ial via gravitational capture of the red-giant wind. J. L. Sokoloski
 L. Bildsten ( 2010 ) estimated 

˙ M a ∼ 10 −10 M � yr −1 assuming
 wd = 0 . 6 M �. S. Snaid et al. ( 2018 ) also assume M wd = 0 . 6 M �.

his assumption was first made by D. Reimers & A. Cassatella
 1985 ) on the basis that two thirds of the DA white dwarfs have

asses in a narrow range 0 . 58 ± 0 . 10 M � (D. Koester, H. Schulz &
. Weidemann 1979 ). Our estimat e indicat es that in fact the white
w arf companion (Mir a B) is a lower mass white dwarf M wd ≈
 . 42 M � (in the case of Bondi–Hoyle–L yt tleton accretion) and a
ore likely value M wd ≈ 0 . 24 M � (in the case of WRLOF). The

 esult e xplains some early findings that the mass accretion rate is
elow the theretical value for WRLOF and even for Bondi–Hoyle–
 yt tleton accretion (see section 5 in J. L. Sokoloski & L. Bildsten
010 ). We consider the value obtained suggesting WRL OF is mor e
robable, because the high resolution observations have shown 

hat in the mass e x change between Mira A and Mira B there is
vidence for Roche lobe like overflow (M. Karovska et al. 2005 ; M.
arovska 2006 ). We note that M. Jura & D. J. Helfand ( 1984 ) sug-
ested that the low X-ray emission of the system can be explained
f the secondary component is either a main-sequence red dwarf 
r an e xtr emely low mass white dwarf. Our result is in agreement
ith the suggestion for a low mass white dwarf. 
MNRAS 547, 1–7 (2026) 
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Having in mind our favoured result M wd = 0 . 24 M � and using
quation ( 7 ), we estimate mass of Mira A, M 1 ≈ 1 M �. This value
s highly sensitive to the adopted orbital period. If we assume
 orb = 610 yr, we find M 1 ≈ 2 . 7 M �. Nevertheless, both values are
n the range of masses of the stars on the asymptotic giant branch
.5–4 M � (E. Vassiliadis & P. R. Wood 1993 ). 

J. Liebert, P. Bergeron & J. B. Holberg ( 2005 ) studied a sample
f 348 white dwarfs from the Palomar Green Survey and obtained
 mass distribution showing a main peak centred near 0.6 M �,
 low-mass component centred near 0.4 M �, and a high-mass
omponent above about 0.8 M �. Our result for the mass of Mira
 ( M wd ≈ 0 . 42 M �, assuming Bondi–Hoyle–L yt tleton accretion)

s close to the low-mass component peak of the Palomar Green
urv ey distribution. If w e assume WRL OF accr etion, we obtain a
alue of 0.24 M � for the mass of the white dwarf, which is below
he lowest mass (0.32 M �) observed in the Palomar Green white
warfs. Mor e r esent surv eys, hav e shown that whit e dwarfs with
ass less than 0.3 M � do exist. In the Gaia DR2 ther e ar e 5762

 xtr emely low mass whit e dwarf candidat es with masses below
.3 M � (I. Pelisoli & J. Vos 2019 ). M. Kilic et al. ( 2007 ) reported
hat there are four white dwarfs from the SDSS with masses even
elow 0.2 M �. 

The numerical simulations, high resolution observations as
ell as our results indicate that Mira B is most likely part of the

r oup of e xtr emely low mass white dwarfs. 

 CONCLUSIONS  

e report 22.3 hours of simultaneous observations in B and
 bands of the flickering of Mira obtained with the telescopes
f N ational Astr onomical Observ atory R ozhen and Shumen
niversity, Bulgaria. The observations were performed during

025 August–October. The amplitude of the flickering was 0.11–
.28 mag in B band. We find that the average luminosity of the
ccretion disc around Mira B is 0 . 91 ± 0 . 28 L �. Combining the
quations for disc luminosity, mass accretion rate, and mass–
adius relation for whit e dwarfs, w e estimat e that the whit e dwarf 
ompanion (Mira B) is a low mass white dwarf with M wd ≈
 . 42 ± 0 . 04 M � in the case of Bondi–Hoyle–L yt tleton accretion or
n e xtr emely low mass white dwarf with M wd ≈ 0 . 24 ± 0 . 04 M �
n the case of WRLOF. 
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