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A B S T R A C T 

Recently, a new class of hot subluminous stars strongly enriched in C and O has been disco v ered (CO-sdOs). These stars show 

abundances very similar to those observed in PG1159 stars but at lower temperatures. Moreover, it has been recently suggested 

that C and O enrichment might be the key ingredient driving the pulsations in He-rich hot subdwarf stars (He-sdBVs). Here, we 
argue that these two types of rare stars can be explained by a variant of one of the main channels forming hot subdwarf stars. 
The scenario involves the formation and merging of a He-core white dwarf and a less massive CO-core white dwarf. We have 
constructed simple merger models and computed their subsequent evolution. The merger products are in agreement with the 
surface parameters and composition of CO-sdOs. In addition, we have performed simulations including the effects of element 
diffusion and the excitation of pulsations. These simulations show that less massive merger products can form stellar structures 
that have surface parameters, abundances, and pulsation periods similar to those displayed by He-sdBVs. We conclude that the 
proposed scenario, or some variant of it, offers a very plausible explanation for the formation of CO-sdOs, pulsating He-sdBs, 
and low-luminosity PG1159 stars. 

Key words: stars: horizontal branch – stars: low-mass – stars: oscillations – subdwarfs. 
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 I N T RO D U C T I O N  

ot subluminous stars of spectral types B and O (sdB, sdO) are
ate stages in the evolution of low-mass stars. In the Hertzsprung–
ussell diagram, they are located between the main sequence and

he white-dwarf (WD) sequence, and correspond to the so-called
xtreme Horizontal Branch (EHB) stars in globular clusters (Heber
009 ). While most sdBs have atmospheres dominated by hydrogen
H), about 10 per cent of all hot subdwarf stars show helium(He)-
ominated spectra and come in two spectral fla v ors: He-sdB and He-
dO (Geier et al. 2017 ). While the most common H-rich subdwarfs
re supposed to be low-mass core He-burning stars, the evolutionary
tatus of the He-rich subclass is less clear. He-rich subdwarfs have
een suggested to be the result of either He WD + He WD mergers
Saio & Jeffery 2000 ; Zhang & Jeffery 2012 ), sdB + WD mergers
Justham, Podsiadlowski & Han 2011 ), or late helium core flashes in
oth single and binary evolution (Brown et al. 2001 ; Miller Bertolami
t al. 2008 ; Byrne & Jeffery 2018 ). 

The population of H-rich sdBs harbours two families of pulsators;
he rapid pressure mode pulsators with periods ( P ) in the range
 ∼ 80–400 s, disco v ered by Kilkenn y et al. ( 1997 ) (sdBVr, after
ilkenny et al. 2010 ), and the slow gravity(g) mode pulsators with
eriods P ∼ 2500–7000 s, disco v ered by Green et al. ( 2003 ) (sdBVs,
fter Kilkenny et al. 2010 ). Pulsations in both groups of variable stars
av e been e xplained by the action of the κ–γ mechanism due to the
artial ionization of iron group elements in the outer layers, where
 E-mail: mmiller@fcaglp.unlp.edu.ar 
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hese elements are enhanced by the action of radiative levitation
Charpinet et al. 1997 ; Fontaine et al. 2003 ). 

With the early disco v ery of g-mode pulsations in LS IV-14 ◦116
Ahmad & Jeffery 2005 ), with periods P ∼ 2200–3400 s, and the
ater disco v eries of similar pulsations in Feige 46 (Latour, Green
 Fontaine 2019 ), P ∼ 1950–5100 s, and PHL 417 (Østensen

t al. 2020 ), P ∼ 2280–6840 s, it became clear that a small family
f pulsators hides among the He-sdBs (from now on He-sdBVs).
ll these He-sdBVs have very similar surface compositions and
hotospheric parameters ( X H ∼ 0.36–0.48 and X He ∼ 0.4–0.64, by
ass fractions, log g ∼ 5.7–5.9, and log T eff ∼ 35 500 –36 500 K) that

dentify them as part of the so-called heavy-metal sdBs that show
xtreme zirconium- and lead-rich photospheres (see Naslim, Jeffery
 Woolf 2020 , and references therein). 
Explaining pulsations in He-sdBVs has been challenging. With

emperatures around T eff ∼ 36 000 K, these stars are too hot for g-
odes to be excited by the opacity bump created by the ionization of
-shell electrons in Ni and Fe. Miller Bertolami, C ́orsico & Althaus

 2011 ) proposed that pulsations in He-sdBVs could be explained
y the ε-mechanism (see Unno et al. 1989 ) during the He-core
ubflashes that appear in low-mass stellar models immediately before
he star settles on the quiescent He-core burning stage (HeCB), i.e.
uring the pre-EHB stage. Although this mechanism predicts g-
ode pulsators in the correct location of the log T eff –log g diagram

from now on, the Kiel diagram), it predicts periods that are short in
omparison to those observed in He-sdBVs ( P ∼200–2000 s, Battich
t al. 2018 ). This led these authors to explore the possibility that
ulsations in He-sdBVs could be stochastically excited by helium-
ash-driv en conv ection during the same evolutionary stage (Miller
© 2022 The Author(s) 
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Figure 1. Evolutionary scenario for the formation of CO-sdOs and He- 
sdBVs. Initial masses are chosen so that the first mass transfer can be non- 
conserv ati ve ( M 1 + M 2 � 2 . 6 M �) and stable ( M 1 / M 2 � 1.2), while allowing 
the formation of a binary with a massive He-WD ( � 0 . 35 M �) and a ∼2 M �
rejuvenated main-sequence star. 
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1 The fact that both He-sdBVs and CO-sdOs are very rare indicates that the 
channel leading to their formation has to correspond to a small part of the 
parameter space. 
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ertolami et al. 2020 ). The main drawback of this scenario is that pul-
ations should be active only during the He-shell flashes themselves, 
hich corresponds to only 1 per cent of the pre-EHB stage. More

ecently Saio & Jeffery ( 2019 ) identified that pulsations in the right
ange of periods and at the right range of surface temperatures and
ravities could be driven by the classical κ–γ mechanism in stars 
ith extreme amounts of carbon and oxygen enrichments; X C ∼
.2–0.3 and X O ∼ 0.2–0.3, by mass fractions. Such possibility would 
ake He-sdBVs low-temperature counterparts of GW Vir stars (see 
 ́orsico et al. 2019 , and references therein). This is an extremely

nteresting possibility, albeit not devoided of shortcomings. First, 
e-sdBVs do not show significantly large amounts of C and O on

heir surfaces, which are completely dominated by H and He. As
hown by Quirion, Fontaine & Brassard ( 2007 ), in order for C and
 to drive pulsations in that part of the Kiel diagram, the combined

bundance of C and O needs to be higher than ∼0.4 by mass fraction.
econdly, even if C and O could be kept hiding immediately below

he photosphere, it is necessary to identify an evolutionary scenario 
hat can lead to an object with an extremely C–O enriched envelope
n that part of the HR-diagram. The only known stellar objects with
uch CO-enhanced envelopes are PG1159 stars (Werner & Herwig 
006 ), which are the consequence of late helium-shell flashes on the
ost-AGB phase (the so-called ‘born again’ scenario). This scenario 
redicts luminosities (surface gravities) more than two orders of 
agnitude higher (lower) for the effective temperatures typical of 
e-sdBVs, so it has to be discarded. Saio & Jeffery ( 2019 ) suggested

he possibility that binary interactions might remo v e 1 . 5 M � from an
lready 2 M � He main sequence, exposing 0.5 M � CO-enhanced 
e-burning core. The absence of any binary signature in any of

he three He-sdBV pulsators makes the previous scenario doubtful. 
ven more, it demands for an explanation of how the He-main 
equence star was formed and how binary interactions would manage 
o remo v e 1 . 5 M � from a rather compact 2 M � He-main sequence
bject without completely destroying it. Moreo v er, the presence of
arge quantities of H in the photospheres of these stars also suggests
 different origin. 

Recently, Werner et al. (this volume) disco v ered the existence 
f two CO-enhanced sdO stars (CO-sdOs): PG 1654 + 322 and 
G 1528 + 025. These stars show abundances very similar to those
bserved in PG1159 stars with ( X He , X C , X O ) � (0.6, 0.15, 0.25) but
t higher gravities, and located close to the He-main sequence. Due 
o their higher gravities, these objects cannot be explained by the 
orn again scenario. 
In this letter, we present an evolutionary scenario that can explain 

he existence of both He-sdBVs and CO-sdOs, as well as the pulsa-
ions observed in the first group by means of the pulsation mechanism
roposed by Saio & Jeffery ( 2019 ). The proposed scenario is a natural
onsequence of one of the most accepted scenarios for the formation 
f hot subdwarf stars, and as such, it fits nicely within our current
nderstanding of their evolution and formation. 

 T H E  E VO L U T I O NA RY  SCENARIO  

opulation synthesis studies by Han et al. ( 2002 ) and Han et al. ( 2003 )
dentified three main binary channels for forming sdB stars: (i) stable 

ass transfer (Roche lobe o v erflo w, RLOF) follo wed by unstable
ass transfer and common envelope evolution, (ii) an episode of 

table RLOF, and (iii) the merger of two He-core WDs. The existence
f short-period sdB binaries with WD companions, formed in the first
hannel (i), indicates that the first mass-transfer phase has to be both
table and very non-conserv ati ve (Geier 2020 ; Krucko w et al. 2021 ).
he evolutionary scenario proposed in this letter (see Fig. 1 ) can
e understood as a small subset 1 of channel (i). For most initial
asses and semiaxes, it is expected that channel (i) will form a

air in which the sdB is more massive than the WD companion or
he WD companion is a CO-core WD. Ho we ver, for a minority of
ystems, one might expect the first mass transfer episode to begin
lose to the tip of the Red Giant Branch (TRGB), giving rise to
ather massive He-core WD companions ( M WD � 0 . 35 –0 . 48 M �).

oreo v er, for a small group of these systems, one should expect the
nitially less massive star (Star 2 in Fig. 1 ) to increase its mass to
 star2 � 1.9–2.1 after the first mass transfer event. Stars in this mass

ange form the smallest He-burning cores and can form low-mass 
dBs and CO-WDs (Prada Moroni & Straniero 2009 ), with masses
 sdB = M CO −WD � 0 . 33 –0 . 4 M �. Two examples of these systems
ould correspond to a binary system (e.g. Z = 0.001) composed
MNRASL 511, L60–L65 (2022) 
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Figure 2. Hertzsprung–Russell diagram of the evolutionary sequences com- 
puted for our ‘toy merger’ model. Blue tracks show the evolution of an 
initially 1.5 M � star ( Z = 0.001) that fills its Roche lobe during the late RGB 

and ends as a 0 . 45 M � He-core WD. Red tracks show the evolution of a 
1.9 M � star (the rejuvenated Star 2 in stage c of Fig. 1 ). The thick dark red 
line indicates the slow evolution during the He-core burning (sdB) stage. Thin 
red lines indicate the fast evolutionary stage during the thermal micropulses 
(Gautschy & Althaus 2007 ). The red and blue diamonds indicate the moment 
at which the merger event happens. The purple line indicates the evolution 
after the merger event, and arrows show the direction of the evolution. In 
the particular example shown here, the total CO-rich mass accreted by the 
0 . 45 M � He-core WD is 0 . 1 M �, leading to the formation of a 0 . 55 M � CO- 
sdO (black circle). Dashed lines indicate the stages in which mass transfer is 
taking place. 
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f a M 1 = 1 . 5 M � primary and M 2 = 1 . 3 M � companion separated
y a � 0.796 au (alternatively a � 0.289 au) and a period of P �
55d ( P � 34 d). After the end of the main sequence, the primary
Star 1 ) will evolve to the red giant branch and fill its Roche lobe at
 

1 
l � 67 R � ( R 

1 
l � 24 R �), when the He-core mass is M � 0.45 M �

 M � 0.35 M �). Mass transfer in those conditions is expected to
e stable ( q = M 1 / M 2 < 1.2), but mass transfer needs to be non-
onserv ati ve. After this first mass transfer, Star 1 will ev olve, a v oiding
e ignition and forming a He-core WD. Assuming M 2 = 1 . 9 M �

fter the first mass transfer, for the system to undergo a common
nv elope ev ent in stage D, the Roche lobe of Star 2 needs to be
 

2 
l < 20 R �, which implies a separation in stage C of a � 0.18 au

nd a period of P � 19 d. This implies that the system needs to lose
0 per cent to 77 per cent of its initial orbital angular momentum.
hese numbers will vary with the choice of the metallicity of the
odels and their specific initial masses. Also, in realistic simulations,

t is possible that first mass transfer will start earlier than in these
imple numerical examples lowering the amount of angular moment
o be lost. Still, these examples highlight the need for the first mass
ransfer event to be very non-conserv ati ve, as found by Han et al.
 2002 ). Despite the possible theoretical complications to explain the
oss of angular momentum, we know from observations that these
ompact systems composed of a low-mass hot subdwarf with a low-
ass WD companion exist (Geier 2020 ; Kruckow et al. 2021 ). 
Once the sdB ends its HeCB stage and evolves to the WD stage, a
erger might happen. The merger can happen either as a consequence

f gra vitational wa ve radiation when the star is already a cold CO-
D or just before the WD stage, when these low-mass stars undergo

 series of flashes that increase their radii orders of magnitude, which
ill trigger a second unstable mass transfer event and a merger. The
eculiarity of the proposed scenario is that the He-WD is the most
assive and compact member of the pair. As a consequence, it is

he sdB/CO-WD that will be disrupted and accreted on top of the
e-WD, leading to the ignition of He in the core and the formation
f a He-burning star with a CO-enriched envelope. 2 Fig. 1 shows a
chematic description of this scenario. These He-burning stars with
O-enriched envelopes should be located in the Kiel diagram close to

he He-main sequence (Kippenhahn, Weigert & Weiss 2012 ), which
s exactly where both the He-sdBVs and the new CO-sdOs disco v ered
y Werner et al. are located. 

 A  TOY  M E R G E R  M O D E L  

n order to test the scenario described in Section 2 and Fig. 1 , we have
imulated with LPCODE (Althaus et al. 2005 ; Miller Bertolami 2016 )
he evolution of the merger event using a simplified description of the
rocess. We first constructed a 0.45 M � He-core WD by removing the
nvelope of an initially 1.5 M � ( Z = 0.001) red giant branch star and
ollowed its cooling on the white dwarf stage down to log L WD / L � =
3 (see Fig. 2 ). This corresponds to the evolution during stages A

o C of Star 1 in Fig. 1 . Following our previous example, we assume
hat Star 2 has an initial mass of ∼ 1 . 3 M � and that ∼ 0 . 45 M � is lost
rom the system during the non-conserv ati ve mass transfer. Then we
volved an initially 1 . 9 M � star (the rejuvenated Star 2 in stage C
n Fig. 1 ) and remo v ed most of its mass during the RGB, creating
 We expect that the scenario to be also valid for He-WD with masses similar 
o that of the sdB ( M 1 ∼ M 2 ). In these cases, we expect the merger to lead to 
he destruction of both components and the complete mixing of their material 
nd the formation of a He-core burning star with initially non-zero central 
O abundances. 
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 low-mass sdB star (stage D in Fig. 1 ). This star is then evolved
hrough the HeCB stage and, later, on the post-sdB and white dwarf
tages (Fig. 2 ), this corresponds to stage E of Fig. 1 ). 

To model the merger process, we proceed as follows. When the
ost-sdB object undergoes the He shell flashes immediately before
he WD phase (see Prada Moroni & Straniero 2009 ), we assume that
nstable mass transfer starts, the post-sdB star is disrupted, forming
 disc and then part of this material is accreted into the He-core
D (stages F and G in Fig. 1 ). To estimate the composition of the

ccreted material, we take the mean abundances (by mass) of the post-
dB model, which are: 〈 X 

post−sdB 
H 〉 � 4 × 10 −3 , 〈 X 

post−sdB 
He 〉 � 0 . 237,

 X 

post−sdB 
C 〉 � 0 . 180, 〈 X 

post−sdB 
O 〉 � 0 . 578. With these abundances,

e then compute a rapid accretion process on the He-WD model
 Ṁ = 10 −5 M � yr −1 ). For this letter, we have adopted four different
ccreted masses ( M acc = 0.35, 0.25, 0.1, and 0 . 03 M �), ranging from
ull accretion of the CO-WD to 10 per cent accretion efficiency, this
hoice results in final merged objects of masses M merger = 0.8, 0.7,
.55, and 0 . 48 M �. 
As soon as mass starts to be accreted into the He-WD, He is ignited

n a shell, similar to what happens in He-WD + He-WD mergers (Saio
 Jeffery 2000 ). The accreting star then evolves back to the giant

ranch, increasing its luminosity by six orders of magnitude (see the
urple line in Fig. 2 ). After this initial expansion, the merger product
tarts contracting and evolving towards the He-main sequence, as
he model undergoes a series of He-shell subflashes that take place
rogressively deeper in the star until steady He-burning begins (the
lack circle in Fig. 2 ). 

 C O - R I C H  H OT  SUBDWARF  STARS  

n the Kiel diagram, the merger products settle during the steady
eCB stage close to the He main sequence and, consequently, their

art/slab134_f2.eps
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ocation is mostly determined by the final mass of the star (see
ig. 3 ). The surface composition of these objects immediately after 

he merger event is set by the bulk composition of the disrupted star.
n the case of our disrupted low-mass CO-WD, these abundances are 
 〈 X He 〉 , 〈 X C 〉 , 〈 X O 〉 ) post-sdB � (0.237, 0.180, 0.578), which are similar
o those recently observed by Werner et al. (this volume) in two CO-
dO stars [( X He , X C , X O ) � (0.6, 0.15, 0.25)]. Consequently, He-,
-, and O-rich surface compositions are a natural prediction of the 
urrent scenario. Significantly larger He abundances are expected in 
ergers with mass ratios close to one, where both stars are expected

o be disrupted and mixed. Also, it is expectable that mixing due to the
nversion of the mean molecular weight will progressively decrease 
he CO content of the envelope. Interestingly, in this picture, the 

ass of the star is directly correlated to its ef fecti ve temperature.
or the log T eff and log g v alues deri ved by Werner et al. a strong
rediction of this scenario is that, within this picture, the masses of
he two CO-sdO disco v ered by Werner et al. (this volume) should be
 CO −sdO � 0 . 7 –0 . 8 M � (see Fig. 3 ). 
Once stars enter the HeCB stage, the photospheric composition 

f the stars will strongly depend on the competition between 
ravitational settling and winds (Unglaub & Bues 2001 ; Unglaub 
008 ). Unfortunately, there are no wind studies in this particular 
egion of the HR diagram (Vink & Cassisi 2002 ; Unglaub 2008 )
nd for these peculiar surface compositions. In this context, we can 
nly make educated guesses of what the result of this competition 
etween diffusion and winds will be. The black line in Fig. 3 shows
he locus of the wind limit derived by Unglaub ( 2008 ). For values of
og g larger than this limit, homogeneous winds might not be possible
nd H and He would be allowed to diffuse outwards, leading to the
ormation of H or He pure atmospheres. The wind limit derived by
nglaub ( 2008 ) was derived for a typical sdB mass of 0 . 5 M � and

ypical solar-like surface compositions and, consequently, cannot be 
aken at face value in this discussion. However, one might argue that
 star with a CO-enriched surface as that arising from the merger
cenario proposed here would be more able to sustain winds than 
hose studied by Unglaub ( 2008 ). If that is the case, the typical CO-
nriched composition would remain visible throughout the whole 
eCB stage, explaining the recent CO-sdOs detected by Werner 

t al. (this volume) as well as some low-luminosity PG1159 stars
hat cannot be explained by the traditional born again scenario. 
 H E - R I C H  H OT  SUBDWA RF  PULSATORS  

iven the clear temperature dependence of the wind limit shown in
ig. 3 , one might expect winds to become less rele v ant as we go to

ess massive merger products that settle at lower temperatures and 
uminosities. In fact, merger models with M merger < 0 . 55 M � settle
n a region of the Kiel diagram where winds might not be possible
black line in Fig. 3 ). While the wind limit derived by Unglaub ( 2008 )
annot be taken at face value for CO-rich merger products, it is very
nteresting that pulsating He-rich sdBs are located very close to this
imit. 

We have computed the evolution of our lower mass merger model
0 . 48 M �) under the effect of diffusion and in the absence of winds.
hen we studied the excitation of g-modes with the LP-PUL non-
diabatic stellar pulsation code (C ́orsico, Althaus & Miller Bertolami 
006 ). The results of these simulations can be seen in Fig. 4 . As
xpected from the analysis of Saio & Jeffery ( 2019 ), we find that
ur models show excitation of g modes in the range of periods
bserved in the He-sdBV stars (upper panel of Fig. 4 ). As in the
ase of PG1159 stars, these pulsations are mostly excited by the C
nd O opacity bumps at log T ∼ 6.2 (middle panel of Fig. 4 ). Even
ore interestingly, our models show that these pulsations are still 

xcited when the surface abundances of the model have already been
ompletely altered by diffusion. Model A in Fig. 4 corresponds to
 moment 8 000 yr after the star settled on the HeCB. At that point,
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he star has a H/He dominated surface composition of X H = 0.338
nd X He = 0.630 with only traces of C and O ( X C = 0.016 and
 O = 0.015), see lower panel of Fig. 4 . Yet, as the composition
f the inner part of the envelope is still unchanged by diffusion,
he κ–γ mechanism is able to excite the full range of periods
bserved in Feige 46 and LS IV 14 ◦116. Consequently, this model
s able to explain, simultaneously, the location in the Kiel diagram,
urface composition, and pulsations observed in He-sdBVs. In our
imulations, ho we ver, dif fusion quickly remo v es the remaining He
rom the photosphere, turning the object into a normal sdB star
see discussion belo w). Dif fusion is also responsible for stopping
he pulsations in our models after ∼ 500 000 yr (Fig. 4 ). After this
ime, the region at log T ∼ 5.8 becomes completely dominated by
e. As a consequence of the removal of C and O, the damping of

he pulsations in this region becomes more intense and pulsations
ease. Interestingly, when this happens, the driving of pulsations at
og T ∼ 6.2 is still active, yet unable to compensate for the additional
amping at log T < 6. due to the increase in the He abundance. Model
 in Fig. 4 shows the chemical profile of the model at the moment
f the cessation of the pulsations. 
It is a well-known fact that diffusion computations strongly

 v erestimate the impact of diffusion in A- and B-type stars and
hat some other mechanisms have to reduce its efficiency. In the
ase of He-sdBs, candidates to slow down diffusion are turbulent
ixing and winds. In fact, our models show the presence of several

mall conv ectiv e zones near the photosphere of the star. If conv ectiv e
oundary mixing were able to connect these conv ectiv e re gions,
orming a deeper conv ectiv e zone, this would considerably slow
own the impact of diffusion at the photosphere. On the other hand,
ixing due to the inversion of the mean molecular weight near the

ore might eventually decrease the CO content of the upper envelope
nd weaken the driving of pulsations. 

 C O N C L U S I O N S  

e have presented a variant of one of the main evolutionary channels
or the formation of sdB stars that is able to explain the new CO-
ich sdO stars detected by Werner et al. (this volume) and the low-
uminosity PG1159. The scenario, sketched in Fig. 1 , involves the
erging and disruption of a low-mass (pre) CO-WD and the accretion

f the material on top of a more massive He-WD companion.
lthough in the present letter we have only focused on the merging
f a 0.45 M � He-WD and a 0.35 M � CO-WD (or pre-WD), similar
esults would arise from the merging of two low-mass CO-WDs
0.35 M �) 3 or the merging of a He-WD and a CO-WD of similar
ass. In the two latter cases, we expect the merger to lead to the

irect collision and complete disruption of both components (Dan
t al. 2014 ), leading to somewhat different He/C/O compositions. 

In addition to explaining the newly discovered CO-sdOs, we have
hown that the current scenario (or some variant of it) is able
o explain the properties observed in the He-rich sdB pulsators.
nder the assumption that not all the mass of the companion is

ccreted on the He-WD, we have constructed models of different
nal masses. In particular, models close to the lower mass end
 M merger ∼ 0 . 5 M �) show pulsations driven by the classical κ–γ

echanism that agree very well with the pulsations observed in
 Note that low-mass CO-WDs have a significant helium mass content 
0.24 per cent of the total mass) and should form a He-core burning star 
fter the merger. 

K  

K  

K  
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e-sdBVs. Moreo v er, these models are located in a region of the HR-
iagram where homogenous winds might not be possible. We find
hat, in the absence of winds, diffusion is able to quickly modify the
urface composition of these stars, leading to surface compositions
ery similar to those of He-sdBVs without affecting the driving of
ulsations for ∼500 000 yr. After this time, ho we ver, He becomes
ominant in the regions of the interior where log T ∼ 5.8 increasing
he damping of the oscillations and finally killing them. The exact
volution of the surface abundances, as well as the length of time
uring which pulsations might be excited, will strongly depend
n the interplay between mixing by Rayleigh–Taylor instabilities,
inds, gravitational settling, and the intensity of conv ectiv e boundary
ixing in the thin outer conv ectiv e zones generated by the ionization

f He, C, and O. We plan to explore these topics in future works. 

C K N OW L E D G E M E N T S  

he authors thank Klaus Werner and Nicole Reindl for sharing their
reliminary results about the disco v ery of the CO-sdOs. This work
as partially supported by PICT 2016-0053 from ANPCyT, PIP 112-
00801-00940 from CONICET, and grant G149 from the University
f La Plata. This research has made e xtensiv e use of NASA ADS. 

ATA  AVAI LABI LI TY  

he data underlying this article will be shared on reasonable request
o the corresponding author. 

EFERENCES  

hmad A., Jeffery C. S., 2005, A&A , 437, L51 
lthaus L. G., Serenelli A. M., Panei J. A., C ́orsico A. H., Garc ́ıa-Berro E.,

Sc ́occola C. G., 2005, A&A , 435, 631 
attich T., Miller Bertolami M. M., C ́orsico A. H., Althaus L. G., 2018, A&A ,

614, A136 
rown T. M., Sweigart A. V., Lanz T., Landsman W. B., Hubeny I., 2001,

ApJ , 562, 368 
yrne C. M., Jeffery C. S., 2018, MNRAS , 481, 3810 
harpinet S., Fontaine G., Brassard P., Chayer P., Rogers F. J., Iglesias C. A.,

Dorman B., 1997, ApJ , 483, L123 
 ́orsico A. H., Althaus L. G., Miller Bertolami M. M., 2006, A&A , 458, 259
 ́orsico A. H., Althaus L. G., Miller Bertolami M. M., Kepler S. O., 2019,

A&AR , 27, 7 
an M., Rosswog S., Br ̈uggen M., Podsiadlowski P., 2014, MNRAS , 438, 14
ontaine G., Brassard P., Charpinet S., Green E. M., Chayer P., Bill ̀eres M.,

Randall S. K., 2003, ApJ , 597, 518 
autschy A., Althaus L. G., 2007, A&A , 471, 911 
eier S., 2020, A&A , 635, A193 
eier S., Østensen R. H., Nemeth P., Gentile Fusillo N. P., G ̈ansicke B. T.,

Telting J. H., Green E. M., Schaffenroth J., 2017, A&A , 600, A50 
reen E. M. et al., 2003, ApJ , 583, L31 
an Z., Podsiadlowski P., Maxted P. F. L., Marsh T. R., Iv anov a N., 2002,

MNRAS , 336, 449 
an Z., Podsiadlowski P., Maxted P. F. L., Marsh T. R., 2003, MNRAS , 341,

669 
eber U., 2009, ARA&A , 47, 211 

ustham S., Podsiadlowski P., Han Z., 2011, MNRAS , 410, 984 
ilkenny D., Koen C., O’Donoghue D., Stobie R. S., 1997, MNRAS , 285,

640 
ilkenn y D., F ontaine G., Green E. M., Schuh S., 2010, Inf. Bull. Var. Stars,

5927, 1 
ippenhahn R., Weigert A., Weiss A., 2012, Stellar Structure and Evolution,

Springer, Berlin 
ruckow M. U., Neunteufel P. G., Di Stefano R., Gao Y., Kobayashi C., 2021,

ApJ , 920, 86 

http://dx.doi.org/10.1051/0004-6361:200500136
http://dx.doi.org/10.1051/0004-6361:20041965
http://dx.doi.org/10.1051/0004-6361/201731463
http://dx.doi.org/10.1086/323862
http://dx.doi.org/10.1093/mnras/sty2545
http://dx.doi.org/10.1086/310741
http://dx.doi.org/10.1051/0004-6361:20065423
http://dx.doi.org/10.1007/s00159-019-0118-4
http://dx.doi.org/10.1093/mnras/stt1766
http://dx.doi.org/10.1086/378270
http://dx.doi.org/10.1051/0004-6361:20065739
http://dx.doi.org/10.1051/0004-6361/202037526
http://dx.doi.org/10.1051/0004-6361/201630135
http://dx.doi.org/10.1086/367929
http://dx.doi.org/10.1046/j.1365-8711.2002.05752.x
http://dx.doi.org/10.1046/j.1365-8711.2003.06451.x
http://dx.doi.org/10.1146/annurev-astro-082708-101836
http://dx.doi.org/10.1111/j.1365-2966.2010.17497.x
http://dx.doi.org/10.1093/mnras/285.3.640
http://dx.doi.org/10.3847/1538-4357/ac13ac


A formation channel for CO-sdOs and He-sdOBVs L65 

L
M
M  

M
M  

N
Ø
P
Q
S

S
U
U
U  

V
W
Z

T

atour M., Green E. M., Fontaine G., 2019, A&A , 623, L12 
iller Bertolami M. M., 2016, A&A , 588, A25 
iller Bertolami M. M., Althaus L. G., Unglaub K., Weiss A., 2008, A&A ,

491, 253 
iller Bertolami M. M., C ́orsico A. H., Althaus L. G., 2011, ApJ , 741, L3 
iller Bertolami M. M., Battich T., C ́orsico A. H., Christensen-Dalsgaard J.,

Althaus L. G., 2020, Nat. Astron. , 4, 67 
aslim N., Jeffery C. S., Woolf V. M., 2020, MNRAS , 491, 874 
stensen R. H. et al., 2020, MNRAS , 499, 3738 
rada Moroni P. G., Straniero O., 2009, A&A , 507, 1575 
uirion P. O., Fontaine G., Brassard P., 2007, ApJS , 171, 219 
aio H., Jeffery C. S., 2000, MNRAS , 313, 671 
aio H., Jeffery C. S., 2019, MNRAS , 482, 758 
nglaub K., 2008, A&A , 486, 923 
nglaub K., Bues I., 2001, A&A , 374, 570 
nno W., Osaki Y., Ando H., Saio H., Shibahashi H., 1989, Nonradial

Oscillations of Stars, 2nd edn. Univ. of Tokyo Press, Tokyo 
ink J. S., Cassisi S., 2002, A&A , 392, 553 
erner K., Herwig F., 2006, PASP , 118, 183 

hang X., Jeffery C. S., 2012, MNRAS , 419, 452 

his paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 
MNRASL 511, L60–L65 (2022) 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nrasl/article/511/1/L60/6500207 by guest on 01 M
arch 2022

http://dx.doi.org/10.1051/0004-6361/201935307
http://dx.doi.org/10.1051/0004-6361/201526577
http://dx.doi.org/10.1051/0004-6361:200810373
http://dx.doi.org/10.1088/2041-8205/741/1/L3
http://dx.doi.org/10.1038/s41550-019-0890-0
http://dx.doi.org/10.1093/mnras/stz3055
http://dx.doi.org/10.1093/mnras/staa3123
http://dx.doi.org/10.1051/0004-6361/200912847
http://dx.doi.org/10.1086/513870
http://dx.doi.org/10.1046/j.1365-8711.2000.03221.x
http://dx.doi.org/10.1093/mnras/sty2763
http://dx.doi.org/10.1051/0004-6361:20078019
http://dx.doi.org/10.1051/0004-6361:20010647
http://dx.doi.org/10.1051/0004-6361:20020917
http://dx.doi.org/10.1086/500443
http://dx.doi.org/10.1111/j.1365-2966.2011.19711.x

	1 INTRODUCTION
	2 THE EVOLUTIONARY SCENARIO
	3 A TOY MERGER MODEL
	4 CO-RICH HOT SUBDWARF STARS
	5 HE-RICH HOT SUBDWARF PULSATORS
	6 CONCLUSIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES

