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ABSTRACT
Blue Large-Amplitude Pulsators (BLAPs) are a recently discovered class of pulsating star, believed to be proto-white dwarfs,
produced by mass stripping of a red giant when it has a small helium core. An outstanding question is why the stars in this class
of pulsator seem to form two distinct groups by surface gravity, despite predictions that stars in the gap between them should
also pulsate. We use a binary population synthesis model to identify potential evolutionary pathways that a star can take to
become a BLAP. We find that BLAPs can be produced either through common envelope evolution or Roche lobe overflow, with
a Main Sequence star or an evolved compact object being responsible for the envelope stripping. The mass distribution of the
inferred population indicates that fewer stars would be expected in the range of masses intermediate to the two known groups
of pulsators, suggesting that the lack of observational discoveries in this region may be a result of the underlying population of
pre-white dwarf stars. We also consider metallicity variation and find evidence that BLAPs at / = 0.010 (half-Solar) would be
pulsationally unstable and may also be more common. Based on this analysis, we expect the Milky Way to host around 12000
BLAPs and we predict the number density of sources expected in future observations such as the Legacy Survey of Space and
Time at the Vera Rubin Observatory.
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1 INTRODUCTION

Blue Large-Amplitude Pulsators (BLAPs) are hot, faint stars, dis-
covered in both OGLE and ZTF survey data (Pietrukowicz et al.
2017; Kupfer et al. 2019). They show periodic brightness variations
on timescales ranging from 3 minutes to 40 minutes, with ampli-
tudes of up to a few per cent of their total brightness, and effective
temperatures ()eff) between 20 000 and 35 000 K. Stellar evolution
modelling suggests they are likely low-mass pre-white dwarf stars
(pre-WDs, ∼ 0.2 − 0.4 M�), formed following significant mass loss
from a red giant star in a binary system, either through common en-
velope evolution or Roche Lobe overflow (Romero et al. 2018; Byrne
& Jeffery 2018).
The pulsation driving mechanism in BLAPs is the ^-mechanism,

due to the opacity bump generated by iron and nickel in the envelope.
An enhancement in the abundance of these elements - produced by
the equilibrium between radiative levitation and gravitational settling
processes - is necessary to produce a sufficient opacity bump to drive
the pulsations (Charpinet et al. 1997; Byrne & Jeffery 2020). It has
also been suggested that BLAPs could be formed from the surviving
remnant of a single degenerate Type Ia supernova (Meng et al. 2020)
or that they could be core-helium burning stars approaching the
extended horizontal branch (Wu & Li 2018).
Low-mass pre-white dwarfs are lower mass counterparts to core-

helium burning hot subdwarfs (For a detailed review of hot sub-
dwarfs, see Heber 2016). Some hot subdwarfs are also known to
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pulsate, however the amplitude of their pulsations is typically much
smaller than that seen in BLAPs.

Eighteen BLAPs have been reported in the literature, 14 through
the Optical Gravitational Lensing Experiment survey of the Galac-
tic Bulge (OGLE, Udalski et al. 2015) with periods of 20-40 min
(Pietrukowicz et al. 2017) and 4 from a high-cadence survey of the
Galactic Plane by the Zwicky Transient Factory (ZTF, Bellm et al.
2019) with periods between 3 and 8 min (Kupfer et al. 2019). Evo-
lutionary tracks of low-mass pre-white dwarf star models indicate
that these two groups of objects have masses of ∼ 0.30 M� and
∼ 0.26 M� respectively (Byrne & Jeffery 2020)).

Even though Ramsay (2018) showed that BLAPs can be identified
using Gaia photometry and parallax, spectroscopic observations are
necessary to assess further properties of the BLAP population.

Currently 8 of the 18 BLAPs have spectroscopic observations, 4
from the ZTF (Kupfer et al. 2019) and 4 from OGLE (Pietrukowicz
et al. 2017)). In the case of the BLAPs from the OGLE survey, the
determinations of surface gravity are between log(6/cm s−2) = 4.2
and 4.6, while for the ZTF pulsators, log(6) ranges from 5.3 to 5.7.
These are referred as ‘low-gravityBLAPs’ and ‘high-gravityBLAPs’,
respectively (Kupfer et al. 2019; Byrne & Jeffery 2020).

Byrne & Jeffery (2020) computed a set of detailed stellar evolu-
tion models including atomic diffusion with radiative levitation for
a sequence of low-mass pre-WD stars, produced via hydrogen en-
velope stripping on the Red Giant Branch. Non-adiabatic pulsation
analysis found that low-mass, pre-WD stars between ∼ 0.25 M� up
to 0.45 M� are unstable in the radial fundamental mode while in this
region of log(6) − log()eff) space.

This contiguous region of instability suggests that the gap in log(6)

© 2021 The Authors



2 Byrne, Stanway & Eldridge

does not result from a lack of pulsation driving, leaving two plausible
explanations; a physical gap owing to a dearth of low-mass pre-WDs
in the intermediate mass range, or observational bias in detecting
faint blue stars with periods between8 and20min.

In this study, we use a binary population synthesis model to iden-
tify formation channels which produce low-mass pre-WDs, and are
thus likely to behave like BLAPs. Our objectives are four-fold: (i)
We consider whether additional evolution pathways exist that might
give rise to stars matching the known properties of BLAPs; (ii) we
determine the likely number of BLAPs in the Milky Way - a quantity
which has ranged over three orders of magnitude in previous esti-
mates (Meng et al. 2020); (iii) we investigate whether the observed
mass gap in known systems arises naturally in a synthetic popula-
tion; (iv) we calculate the expected surface density of these sources
in deep, wide-�eld surveys. Our motivation is to provide a framework
for contextualising these sources within the wider stellar population.
As the observed sample of BLAPs grows, detailed comparison with
such models may yield independent insights into the binary fraction,
metallicity and star formation history of the Galactic disk population
and into the formation pathway of low mass white dwarfs.

The structure of this paper is as follows: The binary population
synthesis methodology is introduced in section 2. We consider the
likelihoods of each pathway and the amount of time individual stellar
models spend in this evolutionary phase in section 3. This allows us
to explore the properties of the population as a function of mass
and time. In section 4 we build on this analysis to estimate the
number of these stars that are present in the Galaxy. In section 5
we discuss the implications and interpretation of our results, and
consider observational constraints to predict the expected number of
BLAPs which may be observable by the Legacy Survey of Space
and Time (LSST) at the Vera Rubin Observatory. In section 6 we
discuss uncertainties on the above predictions, before presenting our
conclusions in section 7.

2 POPULATION MODELLING

2.1 BPASS

Binary Populations and Spectral Synthesis (BPASS, Eldridge et al.
2017) is a detailed stellar population synthesis code, which utilises
a custom grid of stellar evolution models, originally based on the
Cambridge STARS code (Eggleton 1971; Pols et al. 1995; Eldridge
& Tout 2004; Eldridge et al. 2008). Stars are evolved in one di-
mension using a shellular approximation. In addition to single stars,
BPASS also models binary evolution. Mass and angular momentum
can be transferred between primary and secondary in a binary (the
initially more massive and less massive components of the binary re-
spectively), or lost from the system entirely. Evolution of the binary
parameters, as well as the stellar structure, is tracked. BPASS pri-
mary models are constructed on a grid of initial primary star masses
between 0.1 and 300 M� , periods between 1 and104 days and mass
ratios between 0 and 0.9, as well as 13 metallicities ranging from
/ = 10� 5 to 0.04. Binaries with an initial period greater than104

days are unlikely to interact signi�cantly and are treated as single. A
grid of secondary models supplement the primary models and con-
tinue to evolve the initially lower mass stars after the collapse of the
primary into a compact object.

Population synthesis is carried out through the weighted combina-
tion of primary models. The population weightings are normalised
to give a total stellar mass of106 M � . Weights are applied based on
a joint probability distribution:

, pop¹" 1– %– @º = b¹" 1º 5bin¹" 1º 5logP¹" 1º 5@¹" 1–log %º–

whereb¹" 1º is initial mass function (IMF) from which stars are
drawn as a function of the mass of the primary" 1, 5bin is initial
binary fraction as a function of" 1, 5logP is the initial binary period
(%) distribution also as a function of" 1, and 5@is initial mass ratio
(@º distribution as a function of both the primary mass and the initial
period of the binary. In BPASS v2.2.1 (Stanway & Eldridge 2018),
the adopted initial binary parameter distributions are based on the
empirical analysis of Moe & Di Stefano (2017, see their table 13).
We interpolate linearly between the multiple star fractions estimated
by those authors in �ve primary mass bins, and three bins of initial
period at each mass. The initial mass ratio distribution is described
by a broken power law slope?@/ @U whereU is again constrained
empirically in each mass and period bin, and the distribution is
interpolated between bins. In addition, the expected excess fraction
of near-twin systems (i.e.@� 1) is assigned to the highest mass ratio
models available in BPASS (@= 0•9). The full implementation of
population synthesis in BPASS is explained in detail in Eldridge et al.
(2017) and Stanway & Eldridge (2018), and the uncertainties arising
from the adopted empirical companion frequencies are explored in
Stanway et al. (2020a,b).

At the end of the life of the primary, a probabilistic step determines
the likelihood of a binary being disrupted, and the expected masses
and period of surviving binaries, given a distribution of asymmetric
supernova kicks. These probabilities provide a weighting for models
on a secondary grid, with several primary models potentially con-
tributing to the likelihood weighting of a single secondary model.
In a small number of cases, the result of the primary evolution is a
stellar merger, or rapid mass transfer which results in rapid mixing
and rejuvenation of the secondary star. These cases are also tracked
in the models, as is the eventual merger of double-compact binaries
through gravitational wave radiation driven inspirals.

The adopted IMF,b¹" 1º, is a broken power law, with a slope of
-0.30 between 0.1 and 0.5 M� and a slope of -1.35 between 0.5 and
300 " � . This initial mass function is similar to that proposed by
Kroupa (2001). The �attened slope at low masses accounts for the
de�cit of low mass stars observed in the Milky Way disk compared
to that expected from an unbroken power law and produces a similar
mass distribution to the Chabrier (2003) IMF at" Ÿ 1M � (as
demonstrated in Stanway & Eldridge 2018). The upper mass slope
(which matches that of Salpeter 1955) is consistent with a range
of Galactic and extra-galactic observations (see Hopkins 2018, for a
discussion of the uncertainties associated with IMF estimates). The
upper mass limit is motivated by the observation of very massive
stars (" � 100� 300M � ) in young, massive star formation regions
such as those identi�ed in the Tarantula Nebula (e.g. Bestenlehner
et al. 2020). Adopting a di�erent upper mass limit has a negligible
e�ect on the low mass stellar population considered in this work.

BPASS is extensively used for interpretation of massive star pop-
ulations (e.g. Pahl et al. 2021; Cullen et al. 2021; Vijayan et al. 2021;
Neugent 2021; Marshall et al. 2020; Stevance et al. 2020b; Neugent
et al. 2020; Shivaei et al. 2020; Topping et al. 2020; Cullen et al. 2020;
Dorn-Wallenstein & Levesque 2020; Wilkins et al. 2020; Chrimes
et al. 2020; Sanders et al. 2020). Its accuracy and capabilities in the
low mass regime have been explored through the white dwarf pro-
genitor initial to �nal mass ratio (Eldridge et al. 2017), the impact of
low mass binary stars on understanding ages of globular clusters and
elliptical galaxies (Stanway & Eldridge 2018) and consideration of
the type Ia supernova rate (Tang et al. 2020), producing good matches
to the data in each case. As a relatively short-lived evolution phase
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